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1.0 GENERAL

All reports, final plans specifications, and desogiteria should be submitted at least 60 days
prior to the date on which action by the reviewaughority is desired. Environmental
Assessments, and permits for construction, to water, for waste discharges, for stream
crossings, etc., may be required from other fedetate, or local agencies. Preliminary plans and
the engineer's report should be submitted for veyigor to the preparation of final plans. No
approval for construction can be issued until ficaimplete, detailed plans and specifications
have been submitted to the reviewing authority fandd to be satisfactory. Documents
submitted for formal approval shall include but betlimited to:

a. engineer's report, where pertinent,
b. summary of the design criteria,

C. operation requirements, where applicable,



d. general layout,

e. detailed plans,

f. specifications,

g. cost estimates.

h. water purchase contracts between water suppltese applicable,

i. other information as required by reviewing auttyo

Where the Design/Build construction concept isa@aibllized, special consideration must be
given to: designation of a project coordinatorsel@oordination of design concepts and
submission of plans and necessary supporting irgtom to the reviewing authority; allowance
for project changes that may be required by theevang authority; and reasonable time for
project review by the reviewing authority.

1.1 ENGINEER'S REPORT

The engineer's report for water works improvemshtdl, where pertinent, present the following
information:

1.1.1 General information,

including

a. description of the existing water works and gage facilities,

b. identification of the municipality or area seailye

c. name and mailing address of the owner or offmigtodian.

1.1.2 Extent of water works system,

including

a. description of the nature and extent of the tvdxe served,

b. provisions for extending the water works systenmclude additional areas,

c. appraisal of the future requirements for seniicauding existing and potential industrial,
commercial, institutional, and other water suppdeds.

1.1.3 Justification of project



Where two or more solutions exist for providing palvater supply facilities, each of which is
feasible and practicable, discuss the alternati@ege reasons for selecting the one
recommended, including financial considerationgraponal requirements, operator
qualifications, reliability, and water quality coderations.

1.1.4 Soil, groundwater conditions, and foundatioproblems,

including a description of

a. the character of the soil through which wateinshare to be laid,

b. foundation conditions prevailing at sites ofgayeed structures,

c. the approximate elevation of ground water iatieh to subsurface structures.

1.1.5 Water use data,

including

a. a description of the population trends as irtdit&y available records, and the estimated
population which will be served by the proposederatipply system or expanded system 20

years in the future in five year intervals or othex useful life of critical structures/equipment,

b. present water consumption and the projectecageesind maximum daily demands, including
fire flow demand (see Sectidnl.9),

c. present and/or estimated yield of the sourcesipply,

d. unusual occurrences.

1.1.6 Flow requirements,

including

a. hydraulic analyses based on flow demands arsgye requirements (See Sectoh. )

b. fire flows, when fire protection is provided, etiag the recommendations of the Insurance
Services Office or other similar agency for thevsmr area involved.

1.1.7 Sources of water supply

Describe the proposed source or sources of wapglysto be developed, the reasons for their
selection, and provide information as follows:

1.1.7.1 Surface water sources,



including
a. hydrological data, stream flow and weather r@gor
b. safe yield, including all factors that may affec

c. maximum flood flow, together with approval fafsty features of the spillway and dam from
the appropriate reviewing authority,

d. description of the watershed, noting any exgstinpotential sources of contamination (such
as highways, railroads, chemical facilities, etdhjch may affect water quality,

e. summarized quality of the raw water with spe@é&trence to fluctuations in quality, changing
meteorological conditions, etc.

f. source water protection issues or measuresget to be considered or implemented.
1.1.7.2 Groundwater sources,

including

a. sites considered,

b. advantages of the site selected,

c. elevations with respect to surroundings,

d. probable character of formations through whiehgource is to be developed,

e. geologic conditions affecting the site, suclhmticipated interference between proposed and
existing wells,

f. summary of source exploration, test well deptid method of construction; placement of
liners or screen; test pumping rates and theirtolumrawater levels and specific yield; water
quality,

g. sources of possible contamination such as seamefrsewerage facilities, highways, railroads,
landfills, outcroppings of consolidated water-begriormations, chemical facilities, waste
disposal wells, etc.

h. wellhead protection measures being considerz $ectior8.2.3.2and3.2.3.3.

1.1.8 Proposed treatment processes

Summarize and establish the adequacy of proposegsses and unit parameters for the
treatment of the specific water under considerat#dternative methods of water treatment and



chemical use should be considered as a meanswfingdvaste handling and disposal
problems. Bench scale test, pilot studies, or destnations may be required to establish
adequacy for some water quality standards.

1.1.9 Sewerage system available

Describe the existing sewerage system and seweafeient works, with special reference to
their relationship to existing or proposed waterkgcstructures which may affect the operation
of the water supply system, or which may affectghality of the supply.

1.1.10 Waste disposal

Discuss the various wastes from the water treatiplant, their volume, proposed treatment and
points of discharge. If discharging to a sanitawearage system, verify that the system,
including any lift stations, is capable of handlthg flow to the sewage treatment works and that
the treatment works is capable and will accepttiditional loading.

1.1.11 Automation

Provide supporting data justifying automatic equani including the servicing and operator
training to be provided. Manual override must bevpted for any automatic controls. Highly
sophisticated automation may put proper maintenhagend the capability of the plant
operator, leading to equipment breakdowns or expeservicing. Adequate funding must be
assured for maintenance of automatic equipment.

1.1.12 Project sites,

including

a. discussion of the various sites considered dmdrdages of the recommended ones,

b. the proximity of residences, industries, anceo#stablishments,

c. any potential sources of pollution that mayuefice the quality of the supply or interfere with
effective operation of the water works system, sagsewage absorption systems, septic tanks,
privies, cesspools, sink holes, sanitary landfii$use and garbage dumps, etc.

1.1.13 Financing,

including

a. estimated cost of integral parts of the system,

b. detailed estimated annual cost of operation,

c. proposed methods to finance both capital chaagdperating expenses.



1.1.14 Future extensions

Summarize planning for future needs and services.

1.2 PLANS

Plans for waterworks improvements shall, whereipent, provide the following:
1.2.1 General layout,

including

a. suitable title,

b. name of municipality, or other entity or perseaponsible for the water supply,
C. area or institution to be served,

d. scale,

e. north point,

f. datum used,

g. boundaries of the municipality or area to beegy

h. date, name, and address of the designing enmginee

i. imprint of professional engineer's seal or confance with engineering registration
requirements of the individual state,

J- legible prints suitable for reproduction,
k. location and size of existing water mains,

l. location and nature of existing water works sties and appurtenances affecting the
proposed improvements, noted on one sheet.

1.2.2 Detailed plans,
including

a. stream crossings, providing profiles with elewat of the stream bed and the normal and
extreme high and low water levels,



b. profiles having a horizontal scale of not mdrart 100 feet to the inch and a vertical scale of
not more than 10 feet to the inch, with both scalearly indicated,

c. location and size of the property to be usedHergroundwater development with respect to
known references such as roads, streams, sect&s) br streets,

d. topography and arrangement of present or plawedld or structures, with contour intervals
not greater than two feet,

e. elevations of the highest known flood leveloflof the structure, upper terminal of protective
casings and outside surrounding grade, using Ufitates Coast and Geodetic Survey, United
States Geological Survey or equivalent elevationsre applicable as reference,

f. plat and profile drawings of well constructi@howing diameter and depth of drill holes,
casing and liner diameters and depths, groutinghdeplevations and designation of geological
formations, water levels and other details to dbsdahe proposed well completely,

g. location of all existing and potential sourcépallution which may affect the water source or
underground treated water storage facilities,

h. size, length, and materials of proposed watensna

i. location of existing or proposed streets; wataurces, ponds, lakes, and drains; storm,
sanitary, combined and house sewers; septic tdidgsysal fields and cesspools,

j. schematic flow diagrams and hydraulic profileswing the flow through various plant units,
k. piping in sufficient detail to show flow throughe plant, including waste lines,

l. locations of all chemical storage areas, feediggipment and points of chemical application
(seePart 5,

m. all appurtenances, specific structures, equipyeater treatment plant waste disposal units
and points of discharge having any relationshith&plans for water mains and/or water works
structures,

n. locations of sanitary or other facilities, sashlavatories, showers, toilets, and lockers, when
applicable or required by the reviewing authority,

0. locations, dimensions, and elevations of alppsed plant facilities,
p. locations of all sampling taps,
g. adequate description of any features not otlseranvered by the specifications.

1.3 SPECIFICATIONS



Complete, detailed technical specifications shalsbpplied for the proposed project, including

a. a program for keeping existing water works faeg in operation during construction of
additional facilities so as to minimize interruptiof service,

b. laboratory facilities and equipment,
c. the number and design of chemical feeding eqeipir{see Sectioh.1),

d. procedures for flushing, disinfection and tegtiss needed, prior to placing the project in
service,

e. materials or proprietary equipment for sanitargther facilities including any necessary
backflow or back-siphonage protection.

1.4 DESIGN CRITERIA

A summary of complete design criteria shall be sttiech for the proposed project, containing
but not limited to the following:

a. long-term dependable yield of the source of Bypp

b. reservoir surface area, volume, and a volumsugedepth curve, if applicable,
c. area of watershed, if applicable,

d. estimated average and maximum day water denfantte design period,
e. number of proposed services,

f. fire fighting requirements,

g. flash mix, flocculation and settling basin capes,

h. retention times,

i. unit loadings,

J. filter area and the proposed filtration rate,

k. backwash rate,

|. feeder capacities and ranges.

m. minimum and maximum chemical application rates.



1.5 REVISIONS TO APPROVED PLANS

Any substantial deviations from approved planspac#ications must be approved by the
reviewing authority before such changes are maldesd include, but are not limited to
deviations in: capacity, hydraulic conditions, agigrg units, the functioning of water treatment
processes, or the quality of water to be deliveRelised plans or specifications should be
submitted in time to permit the review and apprafaduch plans or specifications before any
construction work, which will be affected by sudtanges, is begun.

1.6 ADDITIONAL INFORMATION REQUIRED

The reviewing authority may require additional mmfation which is not part of the construction
drawings, such as head loss calculations, propyietahnical data, copies of deeds, copies of
contracts, etc.
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2.0 GENERAL



The design of a water supply system or treatmesttgas encompasses a broad area. Application
of this part is dependent upon the type of systepracess involved.

2.1 DESIGN BASIS

The system including the water source and treatfaeilities shall be designed for maximum
day demand at the design year.

2.2 PLANT LAYOUT

Design shall consider

a. functional aspects of the plant layout,

b. provisions for future plant expansion,

c. provisions for expansion of the plant wastettmemt and disposal facilities,
d. access roads,

e. site grading,

f. site drainage,

g. walks,

h. driveways,

i. chemical delivery.

2.3 BUILDING LAYOUT

Design shall provide for:

a. adequate ventilation,

b. adequate lighting,

c. adequate heating,

d. adequate drainage,

e. dehumidification equipment, if necessary,

f. accessibility of equipment for operation, semg; and removal,



g. flexibility of operation,

h. operator safety,

i. convenience of operation,

J. chemical storage and feed equipment in a sepavaim to reduce hazards and dust problems.
2.4 LOCATION OF STRUCTURES

The appropriate regulating authority must be cdeslulegarding any structure which is so
located that normal or flood stream flows may bpeded.

2.5 ELECTRICAL CONTROLS

Main switch gear electrical controls shall be lecbkabove grade, in areas not subject to
flooding. All electrical work shall conform to tlrequirements of the National Electrical Code or
to relevant state and/or local codes.

2.6 STANDBY POWER

Dedicated Standby power shall be required by thieweng authority so that water may be
treated and/or pumped to the distribution systennduwpower outages to meet the average day
demand. Alternatives to dedicated standby power Imeagonsidered by the reviewing authority
with proper justification.

Carbon monoxide detectors are recommended wheiiifedlgenerators are housed.
2.7 SHOP SPACE AND STORAGE

Adequate facilities should be included for shopcepand storage consistent with the designed
facilities.

2.8 LABORATORY FACILITIES

Each public water supply shall have its own equiptnaad facilities for routine laboratory
testing necessary to ensure proper operation. badrgrequipment selection shall be based on
the characteristics of the raw water source anadnaplexity of the treatment process involved.
Laboratory test kits which simplify procedures foaking one or more tests may be acceptable.
An operator or chemist qualified to perform theessary laboratory tests is essential. Analyses
conducted to determine compliance with drinkingexaégulations must be performed in an
appropriately certified laboratory in accordancéw8tandard Methods for the Examination of
Water and Wastewater or approved alternative mstHeersons designing and equipping
laboratory facilities shall confer with the reviewgi authority before beginning the preparation of
plans or the purchase of equipment. Methods fafyieg adequate quality assurances and for
routine calibration of equipment should be provided



2.8.1 Testing equipment
As a minimum, the following laboratory equipmenakibe provided:

a. Surface water supplies shall provide the necgéaailities for microbiological testing of
water from both the treatment plant and the distidm system. The reviewing authority may
allow deviations from this requirement.

b. Surface water supplies shall have nephelomietriidimeter meeting the requirements of
Standard Methods for the Examination of Water arast\évater.

c. Each surface water treatment plant utilizingdldation and sedimentation, including those
which lime soften, shall have a pH meter, jar ézgtipment, and titration equipment for both
hardness and alkalinity.

d. Each ion-exchange softening plant, and limeesafly plant treating only groundwater shall
have a pH meter and titration equipment for bottdhess and alkalinity.

e. Each iron and/or manganese removal plant shaé test equipment capable of accurately
measuring iron to a minimum of 0.1 milligrams p&zrl and/or test equipment capable of
accurately measuring manganese to a minimum ofr@illigrams per liter.

f. Public water supplies which chlorinate shall @&asst equipment for determining both free and
total chlorine residual by methods in Standard Mdghfor the Examination of Water and
Wastewater.

g. Public water supplies which fluoridate shall @&sst equipment for determining fluoride by
methods in Standard Methods for the Examinatiowafer and Wastewater.

h. Public water supplies which feed poly and/ohophosphates shall have test equipment
capable of accurately measuring phosphates froro@®@ milligrams per liter.

2.8.2 Physical facilities

Sufficient bench space, adequate ventilation, aaledighting, storage room, laboratory sink,
and auxiliary facilities shall be provided. Air atitioning may be necessary.

2.9 MONITORING EQUIPMENT

Water treatment plants should be provided with gapeint (including recorders, where
applicable) to monitor the water as follows:

a. Plants treating surface water and ground watéeithe direct influence of surface water
should have the capability to monitor and recorditlity, free chlorine residual, water
temperature and pH at locations necessary to aeashaiequate CT disinfection, and other



important process control variables as determineith® reviewing authority. Continuous
monitoring and recording may be required.

b. Plants treating ground water using iron remewal/or ion exchange softening should have the
capability to monitor and record free chlorine desil.

c. lon exchange plants for nitrate removal shoolatiouously monitor and record the treated
water nitrate level.

2.10 SAMPLE TAPS

Sample taps shall be provided so that water sansplede obtained from each water source and
from appropriate locations in each unit operatibtreatment, and from the finished water. Taps
shall be consistent with sampling needs and sloalbe of the petcock type. Taps used for
obtaining samples for bacteriological analysis Idh@lof the smooth-nosed type without interior

or exterior threads, shall not be of the mixingetyand shall not have a screen, aerator, or other
such appurtenance.

2.11 FACILITY WATER SUPPLY

The facility water supply service line and the planished water sample tap shall be supplied
from a source of finished water at a point whetel#micals have been thoroughly mixed, and
the required disinfectant contact time has beereaet (see Sectiof3.2. There shall be no
cross-connections between the facility water supplyice line and any piping, troughs, tanks,
or other treatment units containing wastewateattnent chemicals, raw or partially treated
water.

2.12 WALL CASTINGS

Consideration shall be given to providing extralwaktings built into the structure to facilitate
future uses whenever pipes pass through wallsrafrete structures.

2.13 METERS

All water supplies shall have an acceptable me&nseasuring the flow from each source, the
washwater, the recycled water, any blended watdifigrent quality, and the finished water.

2.14 PIPING COLOR CODE

To facilitate identification of piping in plants dpumping stations it is recommended that the
following color scheme be utilized:

Water Lines
Raw Olive Green
Settled or Clarified Agqua



Finished or Potable Dark Blue
Chemical Lines
Alum or Primary Coagulan©Orange

Ammonia White

Carbon Slurry Black

Caustic Yellow with Green Band
Chlorine (Gas and Solution)ellow

Chlorine Dioxide Yellow with Violet Band
Fluoride Light Blue with Red Band
Lime Slurry Light Green

Ozone Yellow with Orange Band

Phosphate Compounds Light Green with Red Band
Polymers or Coagulant Aid3range with Green Band
Potassium Permanganate  Violet

Soda Ash Light Green with Orange Band
Sulfuric Acid Yellow with Red Band
Sulfur Dioxide Light Green with Yellow Band
Waste Lines
Backwash Waste Light Brown
Sludge Dark Brown
Sewer (Sanitary or Other) Dark Gray
Other
Compressed Air Dark Green
Gas Red
Other Lines Light Gray

In situations where two colors do not have suffitieontrast to easily differentiate between
them, a six-inch band of contrasting color showddbh one of the pipes at approximately 30 inch
intervals. The name of the liquid or gas should &s on the pipe. In some cases it may be

advantageous to provide arrows indicating the tdoeof flow.

2.15 DISINFECTION

All wells, pipes, tanks, and equipment which canvay or store potable water shall be
disinfected in accordance with current AWWA procesdu Plans or specifications shall outline
the procedure and include the disinfectant dosag@act time, and method of testing the results

of the procedure.

2.16 OPERATION AND MAINTENANCE MANUAL



An operation and maintenance manual including tspiat and parts order form, operator safety
procedures and an operational trouble-shootingaseshall be supplied to the water works as
part of any proprietary unit installed in the fagil

2.17 OPERATOR INSTRUCTION
Provisions shall be made for operator instructibtha start-up of a plant or pumping station.
2.18 SAFETY

Consideration must be given to the safety of wpalkant personnel and visitors. The design must
comply with all applicable safety codes and regatet that may include the Uniform Building
Code, Uniform Fire Code, National Fire Protectiossfciation Standards, and state and federal
OSHA standards. Items to be considered includesram®sters, noise protection, confined space
entry, protective equipment and clothing, gas masiety showers and eye washes, handrails
and guards, warning signs, smoke detectors, t@sagtectors and fire extinguishers.

2.19 SECURITY

Security measures shall be installed and institatecequired by the reviewing authority.
Appropriate design measures to help ensure theigeotiwater system facilities shall be
incorporated. Such measures, as a minimum, sttilida means to lock all exterior doorways,
windows, gates and other entrances to sourcentesdtand water storage facilities. Other
measures may include fencing, signage, close timooiitoring, real-time water quality
monitoring, and intrusion alarms.

2.20 FLOOD PROTECTION

Other than surface water intakes, all water sufamifities and water treatment plant access
roads shall be protected to at least the 100 yead flevation or maximum flood of record, as
required by the reviewing authority. A freeboardtéa may also be required by the reviewing
authority.

2.21 CHEMICALS AND WATER CONTACT MATERIALS

Chemicals and water contact materials shall becyepr by the reviewing authority or meet the
appropriate ANSI/AWWA and/or ANSI/NSF standards.

2.22 OTHER CONSIDERATIONS
Consideration must be given to the design requinesnef other federal, state, and local

regulatory agencies for items such as safety remqents, special designs for the handicapped,
plumbing and electrical codes, construction inftbed plain, etc.



SOURCE DEVELOPMENT

- 3.0 GENERAL
- 3.1 SURFACE WATER
« 3.2 GROUNDWATER

3.0 GENERAL

In selecting the source of water to be develogezeldesigning engineer must prove to the
satisfaction of the reviewing authority that anquaste quantity of water will be available, and
that the water which is to be delivered to the comsrs will meet the current requirements of the
reviewing authority with respect to microbiologicphysical, chemical and radiological
gualities. Each water supply should take its rawewliom the best available source which is
economically reasonable and technically possible.

3.1 SURFACE WATER

A surface water source includes all tributary stie@and drainage basins, natural lakes and
artificial reservoirs or impoundments above thenpof water supply intake. A sourcewater
protection plan enacted for continued protectiothefwatershed from potential sources of
contamination shall be provided as determined byrdlviewing authority.

3.1.1 Quantity

The quantity of water at the source shall

a. be adequate to meet the maximum projected Wateand of the service area as shown by
calculations based on a one in fifty year drougtthe extreme drought of record, and should
include consideration of multiple year droughtsg&®e=ments for flows downstream of the
intake shall comply with requirements of the appiatp reviewing authority,

b. provide a reasonable surplus for anticipateavtirp

c. be adequate to compensate for all losses susiltiag, evaporation, seepage, etc.,

d. be adequate to provide ample water for otheal legers of the source.

3.1.2 Quality

A sanitary survey and study shall be made of thofa, both natural and man made, which may
affect water quality. Such survey and study simallude, but not be limited to

a. determining possible future uses of impoundmentsservoirs,

b. determining degree of control of watershed byeuw



c. assessing degree of hazard to the supply bgudignial, industrial, recreational, and residential
activities in the watershed, and by accidentalapd of materials that may be toxic, harmful or
detrimental to treatment processes,

d. assessing all waste discharges (point sourcea@mg@oint sources) and activities that could
impact the water supply. The location of each wdgeharge shall be shown on a scale map,

e. obtaining samples over a sufficient period wietito assess the microbiological, physical,
chemical and radiological characteristics of théena

f. assessing the capability of the proposed treatmecess to reduce contaminants to applicable
standards,

g. consideration of currents, wind and ice condgicand the effect of confluencing streams.
3.1.3 Minimum treatment

a. The design of the water treatment plant mussiden the worst conditions that may exist
during the life of the facility.

b. The minimum treatment required shall be deteeahiny the reviewing authority.

c. Filtration preceded by appropriate pretreatnséatl be provided for all surface waters.
Exemptions may be approved by the reviewing autyion a case-by-case basis.

3.1.4 Structures

3.1.4.1 Design of intake structures

shall provide for

a. withdrawal of water from more than one levejuhlity varies with depth,
b. separate facilities for release of less desralgter held in storage,

c. where frazil ice may be a problem, holding tke®uity of flow into the intake structure to a
minimum, generally not to exceed 0.5 feet per sdcon

d. inspection manholes every 1000 feet for pipessiarge enough to permit visual inspection,
e. occasional cleaning of the inlet line,
f. adequate protection against rupture by draggmzhors, ice, etc.,

g. ports located above the bottom of the streake, ¢& impoundment, but at sufficient depth to
be kept submerged at low water levels,



h. where shore wells are not provided, a diverdiewvice capable of keeping large quantities of
fish or debris from entering an intake structure,

i. where deemed necessary, provisions shall be matie intake structure to control the influx
of zebra mussels or other aquatic nuisances. $pew#thod to control zebra mussels must be
approved by the reviewing authority,

J. when buried surface water collectors are usefficgeent intake opening area must be provided
to minimize inlet headloss. Particular attentioowdd be given to the selection of backfill
material in relation to the collector pipe slotesand gradation of the native material over the
collector system.

3.1.4.2 Raw water pumping wells

shall

a. have motors and electrical controls located algpade, and protected from flooding as
required by the reviewing authority

b. be accessible,
c. be designed against flotation,
d. be equipped with removable or traveling scrdeisre the pump suction well,

e. provide for introduction of chlorine or otherechicals in the raw water transmission main if
necessary for quality control,

f. have intake valves and provisions for backflaghor cleaning by a mechanical device and
testing for leaks, where practical,

g. have provisions for withstanding surges wheessary,

3.1.4.3 An off-stream raw water storage reservoir

is a facility into which water is pumped during ipels of good quality and high stream flow for
future release to treatment facilities. These toHamn raw water storage reservoirs shall be
constructed to assure that

a. water quality is protected by controlling runioffo the reservoir,

b. dikes are structurally sound and protected agamve action and erosion,

c. intake structures and devices meet requirenoér8ection3.1.4.1

d. point of influent flow is separated from the mptoof withdrawal,



e. separate pipes are provided for influent toeffident from the reservoir.
3.1.5 Impoundments and reservoirs

3.1.5.1 Site preparation

shall provide where applicable

a. removal of brush and trees to high water elenati

b. protection from floods during construction,

c. abandonment of all wells which will be inundatedaccordance with requirements of the
reviewing authority.

3.1.5.2 Construction
may require

a. approval from the appropriate regulatory agenafehe safety features for stability and
spillway design,

b. a permit from an appropriate regulatory agemeycontrolling stream flow or installing a
structure on the bed of a stream or interstaterwate

3.1.5.3 Water Supply Dams

Water supply dams shall be designed and construtigctordance with the requirements of the
appropriate regulatory agency.

3.2 GROUNDWATER

A groundwater source includes all water obtainedhfdug, drilled, bored or driven wells, and
infiltration lines.

3.2.1 Quantity

3.2.1.1 Source capacity

The total developed groundwater source capacitgssrotherwise specified by the reviewing
authority, shall equal or exceed the design maxirdagndemand with the largest producing well

out of service.

3.2.1.2 Number of sources



A minimum of two sources of groundwater shall beviuted, unless otherwise specified by the
reviewing authority.

3.2.1.3 Standby power

a. To ensure continuous service when the primaweptas been interrupted, a standby power
supply shall be provided through

1. connection to at least two independent publizgresources, or

2. portable or in-place auxiliary power.

b. When automatic pre-lubrication of pump beariisgsecessary, and an auxiliary power supply
is provided, the pre-lubrication line shall be pd®d with a valved by-pass around the automatic
control, or the automatic control shall be wirediie emergency power source.

3.2.2 Quality

3.2.2.1 Microbiological quality

a. After disinfection of each new, modified or rastructed groundwater source, one or more
water samples shall be submitted to a laboratdrgfaatory to the reviewing authority for
microbiological analysis with satisfactory resukported to such agency prior to placing the

well into service.

b. A ground water under the direct influence oface water determination acceptable to the
reviewing authority shall be provided for all newelis.

3.2.2.2 Physical and chemical quality
a. Every new, modified or reconditioned groundwatairce shall be examined for applicable
physical and chemical characteristics by testsrepaesentative sample in a laboratory

satisfactory to the reviewing authority, with tlesults reported to such authority.

b. Samples shall be collected at the conclusicghetest pumping procedure and examined as
soon as practical.

c. Field determinations of physical and chemicalstibuents or special sampling procedures
may be required by the reviewing authority.

3.2.2.3 Radiological quality
Every new, modified or reconditioned groundwatarrse shall be examined for radiological

activity as required by the reviewing authoritytegts of a representative sample in a laboratory
satisfactory to the reviewing authority, with rdasuleported to such agency.



3.2.3 Location

3.2.3.1 Well location

The reviewing authority shall be consulted priod&sign and construction regarding a proposed
well location as it relates to required separabietween existing and potential sources of
contamination and groundwater development. The lvedition should be selected to minimize
the impact on other wells and other water resources

3.2.3.2 Continued sanitary protection

Continued sanitary protection of the well site frpotential sources of contamination shall be
provided either through ownership, zoning, easesdedising or other means acceptable to the
reviewing authority. Fencing of the site may beuiegfl by the reviewing authority.

3.2.3.3 Wellhead protection

A wellhead protection plan for continued protectadrihe wellhead from potential sources of
contamination shall be provided as determined bydlviewing authority.

3.2.4 Testing and records
3.2.4.1 Yield and drawdown tests

a. A yield and drawdown test shall be conducteacicordance with a protocol pre-approved by
the reviewing authority.

b. The test shall be performed on every produatieh after construction or subsequent
treatment and prior to placement of the permanemty

c. The test methods shall be clearly indicatedhédroject specifications.

d. The test pump should have a capacity at le&dirhies the flow anticipated at maximum
anticipated drawdown.

e. The test shall provide, as a minimum, for cardirs pumping for at least 24 hours at the
design pumping rate or until stabilized drawdows bantinued for at least six hours when test
pumped at 1.5 times the design pumping rate, ceqsred by the reviewing authority.

f. The following data shall be submitted to theiegying authority:

1. test pump capacity-head characteristics,

2. static water level,

3. depth of test pump setting,



4. time of starting and ending each test cycle, and
5. the zone of influence for the well or wells.

g. A report shall be submitted which provides rdaags and graphic evaluation of the following
at one hour intervals or less as may be requiratidyeviewing authority:

1. pumping rate,

2. pumping water level,

3. drawdown, and

4. water recovery rate and levels.

h. At the discretion of the reviewing authority, m@omprehensive testing may be required.
3.2.4.2 Plumbness and alignment requirements

a. Every well shall be tested for plumbness arghafient in accordance with AWWA standards.
b. The test method and allowable tolerance shatldegly stated in the specifications.

c. If the well fails to meet these requirementsydty be accepted by the engineer if it does not
interfere with the installation or operation of fxemp or uniform placement of grout.

3.2.4.3 Geological data shall

a. be determined from samples collected at 5-fdetvals and at each pronounced change in
formation,

b. be recorded and samples submitted to the apptemuthority,

c. be supplemented with a driller's log, accuraeggaphical location such as latitude and
longitude or GIS coordinates, and other informatoraccurate records of drillhole diameters
and depths, assembled order of size and lengthsniig, screens and liners, grouting depths,
formations penetrated, water levels, and locaticang blast charges.

3.2.4.4 Retention of records

The owner of each well shall retain all recordg¢gaamg to each well, until the well has been
properly abandoned.

3.2.5 General well construction

3.2.5.1 Drilling fluids and additives



shall

a. not impart any toxic substances to the wat@ramote bacterial contamination,
b. be acceptable to the reviewing authority.

3.2.5.2 Minimum protected depths

Minimum protected depths of drilled wells shall yide watertight construction to such depth as
may be required by the reviewing authority, to

a. exclude contamination, and
b. seal off formations that are, or may be, contataid or yield undesirable water.
3.2.5.3 Temporary steel casing

Temporary steel casing used for construction sietlapable of withstanding the structural load
imposed during its installation and removal.

3.2.5.4 Permanent steel casing pipe
shall

a. be new single steel casing pipe meeting AWWA&ed A-100, ASTM or API specifications
for water well construction,

b. have minimum weights and thickness indicate@ahle |

c. have additional thickness and weight if minimiimekness is not considered sufficient to
assure reasonable life expectancy of a well,

d. be capable of withstanding forces to which gubjected,
e. be equipped with a drive shoe when driven, and

f. have full circumferential welds or threaded cliugp joints.
3.2.5.5 Polyvinyl chloride plastic (PVC) well casig

The reviewing authority may approve the use of R¥€ing for all or for limited applications.
Where approved, PVC casing, as a minimum,

a. shall be new pipe meeting ASTM F480 and ANSI/Ns&&knhdard 61 and be appropriately
marked;



b. shall have a minimum wall thickness equivalenSDR (standard dimension ratio) 21;
diameters of 8 inches or greater may require grélaitekness to meet collapse strength
requirements;

c. shall not be used at sites where permeatioryyolbarbons or degradation may occur;

d. shall be properly stored in a clean area frem fexposure to direct sunlight;

e. shall be assembled using couplings or solvelteglgoints; all couplings and solvents shall
meet ANSI/NSF Standard 14, ASTM F480, or similajuieements; and

f. shall not be driven.
3.2.5.6 Other nonferrous casing materials

a. Approval of the use of any nonferrous matealvall casing shall be subject to special
determination by the reviewing authority prior tdosission of plans and specifications.

b. Nonferrous material proposed as a well casingtiipe resistant to the corrosiveness of the
water and to the stresses to which it will be sciiejg during installation, grouting and operation.

3.2.5.7 Packers

Packers shall be of material that will not impaste, odor, toxic substances or bacterial
contamination to the well water. Lead packers ghatlbe used.

3.2.5.8 Screens
shall

a. be constructed of materials resistant to darbgggemical action of groundwater or cleaning
operations,

b. have size of openings based on sieve analy$wsmoftion and/or gravel pack materials,

c. have sufficient length and diameter to providequate specific capacity and low aperture
entrance velocity. Usually the entrance velocitgudtl not exceed 0.1 feet per second,

d. be installed so that the pumping water levelai@esiabove the screen under all operating
conditions,

e. where applicable, be designed and installe@tmip removal or replacement without
adversely affecting water-tight construction of tirell, and

f. be provided with a bottom plate or washdown totfitting of the same material as the screen.



3.2.5.9 Grouting requirements

All permanent well casing shall be surrounded Inyicimum of 1 % inches of grout to the depth
required by the review authority. Other forms dfging may be approved for driven casing. All
temporary construction casings shall be removedei@/removal is not possible or practical, the
casing shall be withdrawn at least five feet taueagrout contact with the native formation.

a. Neat cement grout

1. Cement conforming to AWWA A100 Section 7, andevawith not more than six gallons of
water per 94 pounds of cement, must be used foirck2openings.

2. Additives may be used to increase fluidity sabje approval by the reviewing authority.
b. Concrete grout

1. Equal parts of cement conforming to AWWA A10@&m 7, and sand, with not more than
six gallons of water per 94 pounds of cement maydael for openings larger than 1 ¥z inches.

2. Where an annular opening larger than four inchesailable, gravel not larger than one-half
inch in size may be added.

c. Clay seal

Where an annular opening greater than six inchagasable a clay seal of clean local clay
mixed with at least 10 per cent swelling bentoniey be used when approved by the reviewing
authority.

d. Application

1. Sufficient annular opening shall be providegéomit a minimum of 1 ¥ inches of grout
around permanent casings, including couplings.

2. Prior to grouting through creviced or fractufednations, bentonite or similar materials may
be added to the annular opening, in the mannecateti for grouting.

3. When the annular opening is less than four iscgeut shall be installed under pressure by
means of a grout pump from the bottom of the anmapaning upward in one continuous
operation until the annular opening is filled.

4. When the annular opening is four or more incresless than 100 feet in depth, and concrete
grout is used, it may be placed by gravity throagirout pipe installed to the bottom of the
annular opening in one continuous operation unéldnnular opening is filled.

5. When the annular opening exceeds six inchdssssthan 100 feet in depth, and a clay seal is
used, it may be placed by gravity.



6. After cement grouting is applied, work on thdlwsball be discontinued until the cement or
concrete grout has properly set.

e. Guides

The casing must be provided with sufficient guidesdded to the casing to permit unobstructed
flow and uniform thickness of grout.

3.2.5.10 Upper terminal well construction

a. Permanent casing for all groundwater sourcdsstogect at least 12 inches above the
pumphouse floor or concrete apron surface andaat 8 inches above final ground surface.

b. Where a well house is constructed, the floofasershall be at least six inches above the final
ground elevation.

c. Sites subject to flooding shall be provided vathearth mound to raise the pumphouse floor to
an elevation at least two feet above the highestkrflood elevation, or other suitable
protection as determined by the reviewing authority

d. The top of the well casing at sites subjectdoding shall terminate at least three feet above
the 100 year flood level or the highest known fl@belvation, whichever is higher, or as the
reviewing authority directs.

e. Protection from physical damage shall be pravaerequired by the reviewing authority.

3.2.5.11 Development

a. Every well shall be developed to remove thevedilts and clays, drilling mud or finer
fraction of the gravel pack.

b. Development should continue until the maximumcsr capacity is obtained from the
completed well.

c. Where chemical conditioning is required, thecefpmtions shall include provisions for the
method, equipment, chemicals, testing for residhamicals, and disposal of waste and
inhibitors.

d. Where blasting procedures may be used, thefgdidns shall include the provisions for
blasting and cleaning. Special attention shallikergto assure that the grouting and casing are
not damaged by the blasting.

3.2.5.12 Disinfection of every new, modified or remditioned groundwater source

a. shall be provided after completion of work, Bubstantial period elapses prior to test pumping
or placement of permanent pumping equipment, and



b. shall be provided after placement of permanantgpng equipment.

3.2.5.13 Capping requirements

a. A welded metal plate or a threaded cap is teemed method for capping a well. All well
caps, temporary or permanent, shall be effectilmgted/sealed against the entrance of water

and contaminants.

b. At all times during the progress of work, thetractor shall provide protection to prevent
tampering with the well or entrance of foreign nnizis.

3.2.5.14 Well abandonment

a. Test wells and groundwater sources which arénnate shall be sealed by such methods as
necessary to restore the controlling geologicatltmns which existed prior to construction or
as directed by the appropriate regulatory agency.

b. Wells to be abandoned shall

1. be sealed to prevent undesirable exchange efvatm one aquifer to another,

2. preferably be filled with neat cement grout,

3. have fill materials other than cement groutararete, disinfected and free of foreign
materials, and

4. when filled with cement grout or concrete, thesserials shall be applied to the well hole
through a pipe, tremie, or bailer.

3.2.6 Aquifer types and construction methods -- Sp&l conditions
3.2.6.1 Sand or gravel wells

a. If clay or hard pan is encountered above themaaring formation, the permanent casing
and grout shall extend through such materials.

b. If a sand or gravel aquifer is overlaid onlyg®rmeable soils the permanent casing and grout
shall extend to at least 25 feet below origindimal ground elevation, whichever is lower.
Excavation of topsoil around the well casing shdwgécavoided.

c. If a temporary outer casing is used, it shakktmpletely withdrawn as grout is applied.

3.2.6.2 Gravel pack wells



a. Gravel pack shall be well rounded particlesp@5cent siliceous material, that are smooth and
uniform, free of foreign material, properly sizeghshed and then disinfected immediately prior
to or during placement.

b. Gravel pack shall be placed in one uniform cardus operation.

c. Gravel refill pipes, when used, shall be Schedd steel pipe incorporated within the pump
foundation and terminated with screwed or weldqusc least 12 inches above the pump house
floor or concrete apron.

d. Gravel refill pipes located in the grouted amnwapening shall be surrounded by a minimum
of 1 ¥ inches of grout.

e. Protection from leakage of grout into the grapaatk or screen shall be provided.

f. Permanent inner and outer casings shall meeirergents of SectioB.2.5.3

g. Minimum casing and grouted depth shall be aat®#pto the reviewing authority.
3.2.6.3 Radial water collector

a. Locations of all caisson construction joints podhole assemblies shall be indicated.
b. The caisson wall shall be reinforced to withdtdre forces to which it will be subjected.
c. Radial collectors shall be in areas and at degiproved by the reviewing authority.

d. Provisions shall be made to assure that radldators are essentially horizontal.

e. The top of the caisson shall be covered witlatextight floor.

f. All openings in the floor shall be curbed andtected from entrance of foreign material.

g. The pump discharge piping shall not be placealigih the caisson walls. In unique situations
where this is not feasible, a water tight seal nbesbbtained at the wall.

3.2.6.4 Infiltration lines

a. Infiltration lines should be considered only whgeological conditions preclude the
possibility of developing an acceptable drilled hel

b. The area around infiltration lines shall be urttie control of the water purveyor for a
distance acceptable to or required by the reviewintgority.

c. Flow in the lines shall be by gravity to theleoting well.



d. Water from infiltration lines shall be considér@s groundwater under the direct influence of
surface water unless demonstrated otherwise.

3.2.6.5 Dug wells

a. Dug wells may be considered only where geolbgimaditions preclude the possibility of
developing an acceptable drilled well.

b. A watertight cover shall be provided.

c. Minimum protective lining and grouted depth $hal at least ten feet below original or final
ground elevation, whichever is lower.

d. Openings shall be curbed and protected fromaeoér of foreign material.

e. Pump discharge piping shall not be placed thrdbg well casing or wall.

3.2.6.6 Limestone or sandstone wells

a. Where the depth of unconsolidated formatiomsase than 50 feet, the permanent casing shall
be firmly seated in uncreviced or unbroken rocloudng requirements shall be determined by

the reviewing authority.

b. Where the depth of unconsolidated formatioriess than 50 feet, the depth of casing and
grout shall be at least 50 feet or as determinetth®yeviewing authority.

3.2.6.7 Naturally flowing wells

a. Shall require special consideration by the kewig authority where there is an absence of an
impervious confining layer.

b. Flow shall be controlled. Overflows shall disagat least 18 inches above grade and flood
level, and be visible. Discharge shall be to araive drainage structure.

c. Permanent casing and grout shall be provided.

d. If erosion of the confining bed appears likalyecial protective construction may be required
by the reviewing authority.

3.2.7 Well pumps, discharge piping and appurtenance
3.2.7.1 Line shaft pumps

Wells equipped with line shaft pumps shall



a. have the casing firmly connected to the pumyctire or have the casing inserted into a
recess extending at least one-half inch into thepbase,

b. have the pump foundation and base designect@pt water from coming into contact with
the joint, and

c. avoid the use of oil lubrication at pump setsimgss than 400 feet. Lubricants must meet
ANSI/NSF Standard 61 or be approved by the revigwiuthority.

3.2.7.2 Submersible pumps
Where a submersible pump is used

a. the top of the casing shall be effectively sgalgainst the entrance of water under all
conditions of vibration or movement of conductorgables, and

b. the electrical cable shall be firmly attachedhi® riser pipe at 20 foot intervals or less.
3.2.7.3 Discharge piping

a. The discharge piping shall

1. be designed so that the friction loss will be,lo

2. have control valves and appurtenances locatedeahe pumphouse floor when an above-
ground discharge is provided,

3. be protected against the entrance of contaromati

4. be equipped with a check valve in or at the veeihutoff valve, a pressure gauge, a means of
measuring flow, and a smooth nosed sampling tegtddcat a point where positive pressure is
maintained,

5. where applicable, be equipped with an air rele@suum relief valve located upstream from
the check valve, with exhaust/relief piping ternting in a down-turned position at least 18
inches above the floor and covered with a 24 mestosion resistant screen,

6. be valved to permit test pumping and contradath well,

7. have all exposed piping, valves and appurtersapiegected against physical damage and
freezing,

8. be properly anchored to prevent movement, and

9. be protected against surge or water hammer.



b. The discharge piping should be provided witheans of pumping to waste, but shall not be
directly connected to a sewer.

3.2.7.4 Pitless well units

a. The reviewing authority must be contacted fqrapal of specific applications of pitless
units.

b. Pitless units shall

1. be shop-fabricated from the point of connectigth the well casing to the unit cap or cover,
2. be threaded or welded to the well casing,

3. be of watertight construction throughout,

4. be of materials and weight at least equivaladt@mpatible to the casing,

5. have field connection to the lateral dischargenfthe pitless unit of threaded, flanged or
mechanical joint connection, and

6. terminate at least 18 inches above final graeladation or three feet above the 100 year flood
level or the highest known flood elevation, whickeis higher, or as the reviewing authority
directs.

c. The design of the pitless unit shall make priovigor

1. access to disinfect the well,

2. a properly constructed casing vent meetingeheirements of Sectidh2.7.6

3. facilities to measure water levels in the wedld SectioB.2.7.7,

4. a cover at the upper terminal of the well thalt pvevent the entrance of contamination,

5. a contamination-proof entrance connection fecteical cable,

6. an inside diameter as great as that of theaasihg, up to and including casing diameters of
12 inches, to facilitate work and repair on thelwmimp, or well screen, and

7. at least one check valve within the well cagingh compliance with requirements of the
reviewing authority.

d. If the connection to the casing is by field welte shop-assembled unit must be designed
specifically for field welding to the casing. Thelpfield welding permitted will be that needed
to connect a pitless unit to the casing.



3.2.7.5 Pitless Adapters

Pitless adapters may be acceptable at the discrettithe reviewing authority. The use of any
pitless adapter must be pre-approved by the rergpauthority.

3.2.7.6 Casing vent

Provisions shall be made for venting the well cgsmatmosphere. The vent shall terminate in a
downturned position, at or above the top of thengasr pitless unit, no less than 12 inches
above grade or floor, in a minimum 1 % inch diamefening covered with a 24 mesh,
corrosion resistant screen. The pipe connectingdlseng to the vent shall be of adequate size to
provide rapid venting of the casing. Where verttaabine pumps are used, vents into the side of
the casing may be necessary to provide adequaleewting; installation of these vents shall be
in accordance with the requirements of the revigvaiathority.

3.2.7.7 Water level measurement

a. Provisions shall be made for periodic measuréofenater levels in the completed well.

b. Where pneumatic water level measuring equipnsamed it shall be made using corrosion
resistant materials attached firmly to the dropep pump column and in such a manner as to
prevent entrance of foreign materials.

3.2.7.8 Observation wells

shall be

a. constructed in accordance with the requirementsermanent wells if they are to remain in
service after completion of a water supply wellan

b. protected at the upper terminal to precludea@ct of foreign materials.

Table | - STEEL PIPE

SIZE DIAMETER THICKNESS WEIGHT PER FOOT
(inches) (inches) (pounds)
EXTERNAL INTERNAL PLAIN WITH THREADS AND

ENDS COUPLINGS
(calculated) (nominal)

6id. 6.625 6.065 0.280 18.97 19.18

8 8.625 7.981 0.322 28.55 29.35

10 10.750 10.020 0.365 40.48 41.85

12 12.750 12.000 0.375 49.56 51.15



14 14.000 13.250 0.375 54.57 57.00
od.

16  16.000 15.250 0.375 62.58
18  18.000 17.250 0.375 70.59
20  20.000 19.250 0.375 78.60
22 22.000 21.000 0.500 114.81
24 24.000 23.000 0.500 125.49
26  26.000 25.000 0.500 136.17
28  28.000 27.000 0.500 146.85
30  30.000 29.000 0.500 157.53
32 32.000 31.000 0.500 168.21
34  34.000 33.000 0.500 178.89
36  36.000 35.000 0.500 189.57
TREATMENT
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- 4.8 STABILIZATION

- 4.9 TASTE AND ODOR CONTROL
« 4.10 MICROSCREENING

4.0 GENERAL

The design of treatment processes and devicesdg@hd on evaluation of the nature and
guality of the particular water to be treated, seasvariations, the desired quality of the
finished water and the mode of operation planned.

4.1 CLARIFICATION

Plants designed to include clarification for prasteg surface water shall

a. provide a minimum of two units each for rapicknfiiocculation and sedimentation,

b. permit operation of the units either in serieparallel where softening is performed and
should permit series or parallel operation where plaariitation is performed,



c. be constructed to permit units to be taken égeovice without disrupting operation, and with
drains or pumps sized to allow dewatering in agrable period of time,

d. provide multiple-stage treatment facilities whiequired by the reviewing authority,
e. be started manually following shutdown,

f. minimize hydraulic head losses between unitslimy future changes in processes without the
need for repumping.

4.1.1 Presedimentation

Waters containing high turbidity may require pratreent, usually sedimentation either with or
without the addition of coagulation chemicals.

a. Basin design - Presedimentation basins showie lhapper bottoms or be equipped with
continuous mechanical sludge removal apparatuspanuide arrangements for dewatering.

b. Inlet - Incoming water shall be dispersed acthsdull width of the line of travel as quickly
as possible; short-circuiting must be prevented.

c. Bypass - Provisions for bypassing presedimemntdiasins shall be included.

d. Detention time - Three hours detention is theimum period recommended; greater
detention may be required.

4.1.2 Rapid mix

Rapid mix shall mean the rapid dispersion of chamithroughout the water to be treated,
usually by violent agitation. The engineer shabmsit the design basis for the velocity gradient
(G value) selected, considering the chemicals tadaed and water temperature, color and other
related water quality parameters.

a. Equipment - Basins should be equipped with dsveapable of providing adequate mixing for
all treatment flow rates. Static mixing may be d¢daeed if treatment flow is not variable and

can be justified by the design engineer.

b. Mixing - The detention period should be not mibran thirty seconds.

c. Location - The rapid mix and flocculation bashall be as close together as possible.

4.1.3 Flocculation

Flocculation shall mean the agitation of watermoat \elocities for long periods of time.



a. Basin Design - Inlet and outlet design shallimire short-circuiting and destruction of floc.
A drain and/or pumps shall be provided to handieadering and sludge removal.

b. Detention - The flow-through velocity shouldt less than 0.5 nor greater than 1.5 feet per
minute with a detention time for floc formationatfleast 30 minutes.

c. Equipment - Agitators shall be driven by var@abpeed drives with the peripheral speed of
paddles ranging from 0.5 to 3.0 feet per second.

d. Piping - Flocculation and sedimentation bashadl e as close together as possible. The
velocity of flocculated water through pipes or coitslto settling basins shall be not less than 0.5
nor greater than 1.5 feet per second. Allowances fmel made to minimize turbulence at bends
and changes in direction.

e. Other designs - Baffling may be used to profwddliocculation in small plants only after
consultation with the reviewing authority. The dgsshould be such that the velocities and
flows noted above will be maintained.

f. Superstructure - A superstructure over the flibatton basins may be required.
4.1.4 Sedimentation

Sedimentation shall follow flocculation. The detenttime for effective clarification is
dependent upon a number of factors related to lEesiign and the nature of the raw water. The
following criteria apply to conventional sedimeiatunits:

a. Detention time - shall provide a minimum of févaurs of settling time. This may be reduced
to two hours for lime-soda softening facilitiesattiag only groundwater. Reduced sedimentation
time may also be approved when equivalent effec@tling is demonstrated or when overflow
rate is not more than 0.5 gpm per square footr(t®).

b. Inlet devices - Inlets shall be designed toritiste the water equally and at uniform velocities.
Open ports, submerged ports, and similar entramaegements are required. A baffle should be
constructed across the basin close to the inletaddshould project several feet below the water
surface to dissipate inlet velocities and providéarm flows across the basin.

c. Outlet devices - Outlet weirs or submerged csishall maintain velocities suitable for
settling in the basin and minimize short-circuitiigne use of submerged orifices is
recommended in order to provide a volume abovetifiees for storage when there are
fluctuations in flow. Outlet weirs and submergedices shall be designed as follows:

1. The rate of flow over the outlet weirs or thrauge submerged orifices shall not exceed
20,000 gallons per day per foot (256/day/m) of the outlet launder.

2. Submerged orifices should not be located lowan three (3) feet below the flow line.



3. The entrance velocity through the submergedcesfshall not exceed 0.5 feet per second.

d. Velocity - The velocity through settling basstsuld not exceed 0.5 feet per minute. The
basins must be designed to minimize short-circgitiixed or adjustable baffles must be
provided as necessary to achieve the maximum paltémt clarification.

e. Overflow - An overflow weir or pipe designedastablish the maximum water level desired
on top of the filters should be provided. The olevfshall discharge by gravity with a free fall

at a location where the discharge will be noted.

f. Superstructure - A superstructure over the sedtation basins may be required. If there is no
mechanical equipment in the basins and if provis@ne included for adequate monitoring under
all expected weather conditions, a cover may beigea in lieu of a superstructure.

g. Sludge collection - Adequate sludge collectiqnipment that ensures proper basin coverage
shall be provided.

h. Drainage - Basins must be provided with a méamndewatering. Basin bottoms should slope
toward the drain not less than one foot in twebket fvhere mechanical sludge collection
equipment is not required.

i. Flushing lines - Flushing lines or hydrants $hal provided and must be equipped with
backflow prevention devices acceptable to the wevig authority.

J. Safety - Permanent ladders or handholds shaeilorbvided on the inside walls of basins
above the water level. Guard rails should be inetlidCompliance with other applicable safety
requirements, such as OSHA, shall be required.

k. Sludge removal - Sludge removal design shaNidethat

1. sludge pipes shall be not less than three inchésmeter and so arranged as to facilitate
cleaning,

2. entrance to sludge withdrawal piping shall prexatogging,
3. valves shall be located outside the tank foessibility,
4. the operator may observe and sample sludge kgihdrawn from the unit.

I. Sludge disposal - Facilities are required byréngewing authority for disposal of sludge. (see
Part 9.

4.1.5 Solids contact unit

Units are generally acceptable for combined safigaind clarification where water
characteristics, especially temperature, do natilate rapidly, flow rates are uniform and



operation is continuous. Before such units areidensd as clarifiers without softening, specific
approval of the reviewing authority shall be ob&ainClarifiers should be designed for the
maximum uniform rate and should be adjustable smgks in flow which are less than the
design rate and for changes in water charactegigtieninimum of two units are required for
surface water treatment.

4.1.5.1 Installation of equipment

Supervision by a representative of the manufacthell be provided with regard to all
mechanical equipment at the time of

a. installation, and

b. initial operation.

4.1.5.2 Operating equipment

The following shall be provided for plant operation
a. a complete outfit of tools and accessories,

b. necessary laboratory equipment,

c. adequate piping with suitable sampling tapssated as to permit the collection of samples
of water from critical portions of the units.

4.1.5.3 Chemical feed

Chemicals shall be applied at such points and by steans as to insure satisfactory mixing of
the chemicals with the water.

4.1.5.4 Mixing

A rapid mix device or chamber ahead of solids ctintaits may be required by the reviewing
authority to assure proper mixing of the chemiegiplied. Mixing devices employed shall be so
constructed as to

a. provide good mixing of the raw water with prexsty formed sludge particles, and

b. prevent deposition of solids in the mixing zone.

4.1.5.5 Flocculation

Flocculation equipment

a. shall be adjustable (speed and/or pitch),



b. must provide for coagulation in a separate clembbaffled zone within the unit,
c. should provide that the flocculation and mixpegiod to be not less than 30 minutes.
4.1.5.6 Sludge concentrators

a. The equipment should provide either internaxernal concentrators in order to obtain a
concentrated sludge with a minimum of waste water.

b. Large basins should have at least two sumpsoltecting sludge located in the central
flocculation zone.

4.1.5.7 Sludge removal
Sludge removal design shall provide that

a. sludge pipes shall be not less than three inohgdiameter and so arranged as to facilitate
cleaning,

b. entrance to sludge withdrawal piping shall prexaogging,

c. valves shall be located outside the tank foessibility, and

d. the operator may observe and sample sludge béihdrawn from the unit.
4.1.5.8 Cross-connections

a. Blow-off outlets and drains must terminate aisgltarge at places satisfactory to the
reviewing authority.

b. Cross-connection control must be included fergbtable water lines used to backflush sludge
lines.

4.1.5.9 Detention period
The detention time shall be established on theshzdhe raw water characteristics and other
local conditions that affect the operation of timt.uBased on design flow rates, the detention

time should be

a. two to four hours for suspended solids contiaetfiers and softeners treating surface water,
and

b. one to two hours for the suspended solids costdteners treating only groundwater.

The reviewing authority may alter detention timguieements.



4.1.5.10 Suspended slurry concentrate

Softening units should be designed so that contiawsturry concentrates of one per cent or
more, by weight, can be satisfactorily maintained.

4.1.5.11 Water losses
a. Units shall be provided with suitable contrasdludge withdrawal.

b. Total water losses should not exceed

=

. five per cent for clarifiers,

N

. three per cent for softening units.

(9]

. Solids concentration of sludge bled to wastaikhbe

-

. three per cent by weight for clarifiers,

N

. five per cent by weight for softeners.
4.1.5.12 Weirs or orifices

The units should be equipped with either overflogirg/or orifices constructed so that water at
the surface of the unit does not travel over 10 lieeizontally to the collection trough.

a. Weirs shall be adjustable, and at least equivaidength to the perimeter of the tank.
b. Weir loading shall not exceed

1. 10 gpm per foot of weir length (120 L/min/m) famits used for clarifiers,

2. 20 gpm per foot of weir length (240 L/min/m) famits used for softeners.

c. Where orifices are used the loading rates pardblaunder rates should be equivalent to weir
loadings. Either shall produce uniform rising rabesr the entire area of the tank.

4.1.5.13 Upflow rates

Unless supporting data is submitted to the revigvaithority to justify rates exceeding the
following, rates shall not exceed

a. 1.0 gpm per square foot of area (2.4 m/hr)astadge separation line for units used for
clarifiers,



b. 1.75 gpm per square foot of area (4.2 m/hasturry separation line, for units used for
softeners.

4.1.6 Tube or plate settlers

Proposals for settler unit clarification must irgdupilot plant and/or full scale demonstration
data on water with similar quality prior to the pagation of final plans and specifications for
approval. Settler units consisting of variouslydtubes or plates which are installed in
multiple layers and at an angle to the flow mayibed for sedimentation, following
flocculation.

4.1.6.1 General criteria

a. Inlet and outlet considerations -- Design tontan velocities suitable for settling in the basin
and to minimize short-circuiting. Plate units shmdldesigned to minimize maldistribution across
the units.

b. Drainage -- Drain piping from the settler umitsast be sized to facilitate a quick flush of the
settler units and to prevent flooding other porsiah the plant.

c. Protection from freezing -- Although most unitil be located within a plant, outdoor
installations must provide sufficient freeboard abthe top of settlers to prevent freezing in the
units. A cover or enclosure is strongly recommended

d. Application rate for tubes -- A maximum rate2ogpm per square foot of cross-sectional area
(4.8 m/hr) for tube settlers, unless higher ratessaccessfully shown through pilot plant or in-
plant demonstration studies.

e. Application rates for plates -- A maximum plktading rate of 0.5 gpm per square foot (1.2
m/hr), based on 80 percent of the projected hotaquate area.

f. Flushing lines -- Flushing lines shall be praadto facilitate maintenance and must be
properly protected against backflow or back siplgena

4.1.7 High rate clarification processes

High rate clarification processes may be approymthidemonstrating satisfactory performance
under on-site pilot plant conditions or documemwtaif full scale plant operation with similar
raw water quality conditions as allowed by the eging authority. Reductions in detention
times and/or increases in weir loading rates sejustified. Examples of such processes may
include dissolved air flotation, ballasted flocdida, contact flocculation/clarification, and
helical upflow, solids contact units.

4.2 FILTRATION



Acceptable filters shall include, upon the disaetof the reviewing authority, the following
types:

a. rapid rate gravity filtergi(2.7),

b. rapid rate pressure filter$.2.9,

c. diatomaceous earth filtration.p.3,

d. slow sand filtration4.2.4),

e. direct filtration 4.2.9),

f. deep bed rapid rate gravity filter$.2.9,
g. biologically active filters4.2.7),

h. membrane filtration (see policy statementfRkenerse Osmosis and Nanofiltration for Public
Water SuppliesndMicrofiltration and Ultrafiltration for Public WateSupplie$, and

i. bag and cartridge filters (see policy statenmmiBag and Cartridge Filters for Public Water
Systemy

The application of any one type must be supporteddter quality data representing a
reasonable period of time to characterize the tiana in water quality. Experimental treatment
studies may be required to demonstrate the apjdliyadf the method of filtration proposed.

4.2.1 Rapid rate gravity filters

4.2.1.1 Pretreatment

The use of rapid rate gravity filters shall requretreatment.

4.2.1.2 Rate of filtration

The rate of filtration shall be determined throwgimsideration of such factors as raw water
quality, degree of pretreatment provided, filterdmae water quality control parameters,
competency of operating personnel, and other fa@smrequired by the reviewing authority. In
any case, the filter rate must be proposed andifgsby the design engineer to the satisfaction
of the reviewing authority prior to the preparatafifinal plans and specifications.

4.2.1.3 Number

At least two units shall be provided. Where onlp twnits are provided, each shall be capable of

meeting the plant design capacity (normally thggated maximum daily demand) at the
approved filtration rate. Where more than two filt@its are provided, the filters shall be



capable of meeting the plant design capacity aafipeoved filtration rate with one filter
removed from service. Where declining rate filmatis provided, the variable aspect of filtration
rates, and the number of filters must be considetezh determining the design capacity for the
filters.

4.2.1.4 Structural details and hydraulics

The filter structure shall be designed to proviole f

a. vertical walls within the filter,

b. no protrusion of the filter walls into the fittedia,

c. cover by superstructure,

d. head room to permit normal inspection and operat

e. minimum depth of filter box of 8.5 feet,

f. minimum water depth over the surface of thefilnedia of three feet,

g. trapped effluent to prevent backflow of air ke tbottom of the filters,

h. prevention of floor drainage to the filter wahminimum 4-inch curb around the filters,

i. prevention of flooding by providing overflow,

. maximum velocity of treated water in pipe anaduoits to filters of two feet per second,

k. cleanouts and straight alignment for influenigs or conduits where solids loading is heavy,
or following lime-soda softening,

|. washwater drain capacity to carry maximum flow,
m. walkways around filters, to be not less thanmn2#es wide,
n. safety handrails or walls around all filter wabys,

0. construction to prevent cross connections amghoon walls between potable and non-potable
water.

4.2.1.5 Washwater troughs
Washwater troughs should be constructed to have

a. the bottom elevation above the maximum levelxplanded media during washing,



b. a two-inch freeboard at the maximum rate of wash

c. the top edge level and all at the same elevation

d. spacing so that each trough serves the sameanwhbquare feet of filter area,

e. maximum horizontal travel of suspended partithe®ach the trough not to exceed three feet.
4.2.1.6 Filter material

The media shall be clean silica sand or other ahtursynthetic media free from detrimental
chemical or bacterial contaminants, approved byekiewing authority, and having the
following characteristics:

a. a total depth of not less than 24 inches andrgég not more than 30 inches,

b. an effective size range of the smallest mataoajreater than 0.45 mm to 0.55 mm,

c. a uniformity coefficient of the smallest maténat greater than 1.65,

d. a minimum of 12 inches of media with an effegtsize range no greater than 0.45 mm to 0.55
mm, and a specific gravity greater than otherrfitig materials within the filter.

e. Types of filter media:

1. Anthracite - Clean crushed anthracite, or a doatlon of anthracite and other media may be
considered on the basis of experimental data spécithe project, and shall have

a. effective size of 0.45 mm - 0.55 mm with unifasncoefficient not greater than 1.65 when
used alone,

b. effective size of 0.8 mm - 1.2 mm with a unifagncoefficient not greater than 1.85 when
used as a cap,

c. effective size for anthracite used as a singtdinon potable groundwater for iron and
manganese removal only shall be a maximum of 0.8(effactive sizes greater than 0.8 mm
may be approved based upon onsite pilot plantesuali other demonstration acceptable to the
reviewing authority).

2. Sand - sand shall have

a. effective size of 0.45 mm to 0.55 mm,

b. uniformity coefficient of not greater than 1.65.



c. larger size media may be allowed by the revigvaathority where full scale tests have
demonstrated that treatment goals can be met afidnditions.

3. Granular activated carbon (GAC) - Granular atéd carbon as a single media may be
considered for filtration only after pilot or fudktale testing and with prior approval of the
reviewing authority. The design shall include thikdwing:

a. The media must meet the basic specificationglfer media as given in Sectigh2.1.6a
through d except that larger size media may bevalibby the reviewing authority where full
scale tests have demonstrated that treatment garallse met under all conditions.

b. There must be provisions for a free chlorinéduged and adequate contact time in the water
following the filters and prior to distribution (84.3.2d and4.3.3.

c. There must be means for periodic treatmenttef fimaterial for control of bacterial and other
growth.

d. Provisions must be made for frequent replacemmierggeneration.

4. Other media - Other media will be considerecedam experimental data and operating
experience.

5. Torpedo sand - A three-inch layer of torpedalsstrall be used as a supporting media for
filter sand where supporting gravel is used, aradl $tave

a. effective size of 0.8 mm to 2.0 mm, and
b. uniformity coefficient not greater than 1.7.

6. Gravel - Gravel, when used as the supportingarsthll consist of cleaned and washed, hard,
durable, rounded silica particles and shall nolide flat or elongated particles. The coarsest
gravel shall be 2 2 inches in size when the greastk directly on a lateral system, and must
extend above the top of the perforated laterals.I®s than four layers of gravel shall be
provided in accordance with the following size aegth distribution:

Size Depth
21/2to 1 1/2 inchesto 8 inches
11/2to 3/4 inches 3to5 inches
3/4 to 1/2 inches 3to 5 inches
1/2 to 3/16 inches 2 to 3 inches
3/16 to 3/32 inches 2 to 3 inches

Reduction of gravel depths and other size gradstmay be considered upon justification to the
reviewing authority for slow sand filtration or wieroprietary filter bottoms are specified.



4.2.1.7 Filter bottoms and strainer systems

Departures from these standards may be acceptaltégh rate filters and for proprietary
bottoms. Porous plate bottoms shall not be usedenh@n or manganese may clog them or with
waters softened by lime. The design of manifoldetgpllection systems shall:

a. minimize loss of head in the manifold and ld&era

b. ensure even distribution of washwater and ea@naf filtration over the entire area of the
filter,

c. provide the ratio of the area of the final opesi of the strainer systems to the area of thex filt
at about 0.003,

d. provide the total cross-sectional area of therdds at about twice the total area of the final
openings,

e. provide the cross-sectional area of the mandbltz to 2 times the total area of the laterals.
f. lateral perforations without strainers shalldsected downward.

4.2.1.8 Surface wash or subsurface wash

Surface or subsurface wash facilities are requesextpt for filters used exclusively for iron or
manganese removal, and may be accomplished byensys fixed nozzles or a revolving-type
apparatus. All devices shall be designed with

a. provision for water pressures of at least 433D kPa),

b. a properly installed vacuum breaker or otheraeygd device to prevent back siphonage if
connected to the treated water system,

c. rate of flow of 2.0 gallons per minute per sguimot of filter area (4.9 m/hr) with fixed
nozzles or 0.5 gallons per minute per square fb@tr/hr) with revolving arms,

d. air wash can be considered based on experingatabnd operating experiences.

4.2.1.9 Air scouring

Air scouring can be considered in place of suriaash

a. air flow for air scouring the filter must be 3fandard cubic feet per minute square foot of
filter area (0.9 - 1.5 Amin/n?) when the air is introduced in the underdraimwadr air rate

must be used when the air scour distribution sys¢eptaced above the underdrains,

b. a method for avoiding excessive loss of therfithedia during backwashing must be provided,



c. air scouring must be followed by a fluidizatmash sufficient to restratify the media,
d. air must be free from contamination,

e. air scour distribution systems should be pldm#dw the media and supporting bed interface;
if placed at the interface the air scour nozzledl e designed to prevent media from clogging
the nozzles or entering the air distribution system

f. piping for the air distribution system shall ro flexible hose which will collapse when not
under air pressure and shall not be a relativetyrsaterial which may erode at the orifice
opening with the passage of air at high velocity.

g. air delivery piping shall not pass down throtigh filter media nor shall there be any
arrangement in the filter design which would allskort circuiting between the applied
unfiltered water and the filtered water,

h. consideration should be given to maintenance@pldcement of air delivery piping,

i. the backwash water delivery system must be depzll5 gallons per minute per square foot
of filter surface area (37 m/hr); however, whensaour is provided the backwash water rate
must be variable and should not exceed 8 gallonmprute per square foot (20 m/hr) unless
operating experience shows that a higher rateaessary to remove scoured particles from filter
media surfaces.

J. the filter underdrains shall be designed to awomdate air scour piping when the piping is
installed in the underdrain, and

k. the provisions of Sectioh?2.1.11shall be followed.

4.2.1.10 Appurtenances

a. The following shall be provided for every fitter

1. influent and effluent sampling taps,

2. an indicating loss of head gauge,

3. an indicating rate-of flow meter. A modifiedeatontroller which limits the rate of filtration to
a maximum rate may be used. However, equipmenstimgily maintains a constant water level
on the filters is not acceptable, unless the raflow onto the filter is properly controlled. A
pump or a flow meter in each filter effluent linaynbe used as the limiting device for the rate of

filtration only after consultation with the reviewg authority.

4. where used for surface water, provisions foerfihg to waste with appropriate measures for
backflow prevention.



b. It is recommended the following be providedduery filter:
1. a continuous or rotating cycle turbidity recogidevice for surface water treatment plants,

2. wall sleeves providing access to the filterrimieat several locations for sampling or pressure
sensing,

3.a1lto 1% inch pressure hose and storage talk aperating floor for washing filter walls,

4. particle monitoring equipment as a means to meehaverall treatment operations where used
for surface water.

4.2.1.11 Backwash

Provisions shall be made for washing filters abofos:

a. a minimum rate of 15 gallons per minute per sg@ot (37 m/hr), consistent with water
temperatures and specific gravity of the filter med rate of 20 gallons per minute per square
foot (50 m/hr) or a rate necessary to provide f6Ogercent expansion of the filter bed is
recommended. A reduced rate of 10 gallons per mipat square foot (24 m/hr) may be
acceptable for full depth anthracite or granuldivated carbon filters,

b. filtered water provided at the required rate@shwater tanks, a washwater pump, from the
high service main, or a combination of these,

c. washwater pumps in duplicate unless an altematns of obtaining washwater is available,
d. not less than 15 minutes wash of one filtehatdesign rate of wash,

e. a washwater regulator or valve on the main wasdwine to obtain the desired rate of filter
wash with the washwater valves on the individugifs open wide,

f. a rate-of-flow indicator, preferably with a tbzzer, on the main washwater line, located so that
it can be easily read by the operator during thehivey process,

g. design to prevent rapid changes in backwashrilate.

h. backwash shall be operator initiated. Automateddems shall be operator adjustable.
4.2.1.12 Miscellaneous

Roof drains shall not discharge into the filterdbasins and conduits preceding the filters.

4.2.2 Rapid rate pressure filters



The normal use of these filters is for iron and gaarese removal. Pressure filters shall not be
used in the filtration of surface or other pollutedters or following lime-soda softening.

4.2.2.1 General

Minimum criteria relative to rate of filtration,rsictural details and hydraulics, filter media, gtc.
provided for rapid rate gravity filters also appbypressure filters where appropriate.

4.2.2.2 Rate of filtration

The rate shall not exceed three gallons per mipetesquare foot of filter area (7.2 m/hr) except
where inplant testing as approved by the reviewaudpority has demonstrated satisfactory
results at higher rates.

4.2.2.3 Details of design

The filters shall be designed to provide for

a. loss of head gauges on the inlet and outlesmpeach battery of filters,

b. an easily readable meter or flow indicator ochdaattery of filters. A flow indicator is
recommended for each filtering unit,

c. filtration and backwashing of each filter indlually with an arrangement of piping as simple
as possible to accomplish these purposes,

d. minimum side wall shell height of five feet. Arcesponding reduction in side wall height is
acceptable where proprietary bottoms permit redonadf the gravel depth,

e. the top of the washwater collectors to be a&t|28 inches above the surface of the media,
f. the underdrain system to efficiently collect fiieered water and to uniformly distribute the
backwash water at a rate not less than 15 gallensipute per square foot of filter area (37

m/hr),

g. backwash flow indicators and controls that a&glg readable while operating the control
valves,

h. an air release valve on the highest point ofi ddter,
i. an accessible manhole to facilitate inspectiod @epairs for filters 36 inches or more in
diameter. Sufficient handholds shall be providedifters less than 36 inches in diameter.

Manholes should be at least 24 inches in diameberevfeasible,

J. means to observe the wastewater during backwgshi



k. construction to prevent cross-connection.

4.2.3 Diatomaceous earth filtration

The use of these filters may be considered foriegiubn to surface waters with low turbidity
and low bacterial contamination, and may be useddo removal for groundwaters providing
the removal is effective and the water is of sat&iry sanitary quality before treatment.

4.2.3.1 Conditions of use

Diatomaceous earth filters are expressly excludau tonsideration for the following
conditions:

a. bacteria removal,
b. color removal,

c. turbidity removal where either the gross quardftturbidity is high or the turbidity exhibits
poor filterability characteristics,

d. filtration of waters with high algae counts.
4.2.3.2 Pilot plant study

Installation of a diatomaceous earth filtrationtsys shall be preceded by a pilot plant study on
the water to be treated.

a. Conditions of the study such as duration, filtees, head loss accumulation, slurry feed rates,
turbidity removal, bacteria removal, etc., mustperoved by the reviewing authority prior to
the study.

b. Satisfactory pilot plant results must be obtdipgor to preparation of final construction plans
and specifications.

c. The pilot plant study must demonstrate the gtol the system to meet applicable drinking
water standards at all times.

4.2.3.3 Types of filters

Pressure or vacuum diatomaceous earth filtratiots will be considered for approval. However,
the vacuum type is preferred for its ability to @wonodate a design which permits observation
of the filter surfaces to determine proper cleandamnage to a filter element, and adequate
coating over the entire filter area.

4.2.3.4 Treated water storage



Treated water storage capacity in excess of nomagiirements shall be provided to:

a. allow operation of the filters at a uniform rdt&ing all conditions of system demand at or
below the approved filtration rate, and,

b. guarantee continuity of service during advease water conditions without by-passing the
system.

4.2.3.5 Number of units
See Sectiod.2.1.3
4.2.3.6 Precoat

a. Application - A uniform precoat shall be appliegiraulically to each septum by introducing a
slurry to the tank influent line and employing kefi-to-waste or recirculation system.

b. Quantity - Diatomaceous earth in the amount bfp@unds per square foot of filter area (0.49
kg/mf)or an amount sufficient to apply a 1/16 inch aogshould be used with recirculation.
When precoating is accomplished with a filter-tosteasystem, 0.15 - 0.2 pounds per square foot
of filter area (0.73 - 0.98 kg/his recommended.

4.2.3.7 Body feed

A body feed system to apply additional amountsiafainaceous earth slurry during the filter
run is required to avoid short filter runs or exsies head losses.

a. Quantity - Rate of body feed is dependent onwater quality and characteristics and must be
determined in the pilot plant study.

b. Operation and maintenance can be simplifiedrbyiging accessibility to the feed system and
slurry lines.

c. Continuous mixing of the body feed slurry isured.

4.2.3.8 Filtration

a. Rate of filtration - The recommended nomina iiatl.0 gallon per minute per square foot of
filter area (2.4 m/hr) with a recommended maximurh.6 gallons per minute per square foot

(3.7 m/hr). The filtration rate shall be controllled a positive means.

b. Head loss - The head loss shall not exceedi3@3 kPa) for pressure diatomaceous earth
filters, or a vacuum of 15 inches of mercury (-$akfor a vacuum system.

c. Recirculation - A recirculation or holding purspall be employed to maintain differential
pressure across the filter when the unit is natperation in order to prevent the filter cake from



dropping off the filter elements. A minimum recilation rate of 0.1 gallon per minute per
square foot of filter area (0.24 m/hr) shall beved.

d. Septum or filter element - The filter elemeritalsbe structurally capable of withstanding
maximum pressure and velocity variations duringdilon and backwash cycles, and shall be
spaced such that no less than one inch is providedeen elements or between any element and
a wall.

e. Inlet design - The filter influent shall be dgs2d to prevent scour of the diatomaceous earth
from the filter element.

4.2.3.9 Backwash

A satisfactory method to thoroughly remove and osgpof spent filter cake shall be provided.
4.2.3.10 Appurtenances

The following shall be provided for every filter:

a. sampling taps for raw and filtered water,

b. loss of head or differential pressure gauge,

c. rate-of-flow indicator, preferably with totalize

d. a throttling valve used to reduce rates belommab during adverse raw water conditions,

e. evaluation of the need for body feed, recireolgtand any other pumps, in accordance with
Section 6.3.

f. provisions for filtering to waste with appropeameasures for backflow prevention (St
9).

4.2.3.11 Monitoring

a. A continuous monitoring turbidimeter with recerds required on each filter effluent for
plants treating surface water.

b. Particle monitoring equipment should be providec means to enhance overall treatment
operations for plants treating surface water.

4.2.4 Slow sand filters

The use of these filters shall require prior engiimgy studies to demonstrate the adequacy and
suitability of this method of filtration for the epific raw water supply.



4.2.4.1 Quality of raw water

Slow rate gravity filtration shall be limited to veas having maximum turbidities of 10 units and
maximum color of 15 units; such turbidity must betattributable to colloidal clay. Raw water
quality data must include examinations for algae.

4.2.4.2 Number

At least two units shall be provided. Where onlp twnits are provided, each shall be capable of
meeting the plant design capacity (normally thggmted maximum daily demand) at the
approved filtration rate. Where more than two fill@its are provided, the filters shall be
capable of meeting the plant design capacity aafipeoved filtration rate with one filter
removed from service.

4.2.4.3 Structural details and hydraulics

Slow rate gravity filters shall be so designedaagrbvide:

a. a cover,

b. headroom to permit normal movement by opergigrgonnel for scraping and sand removal
operations,

c. adequate access hatches and access ports éthngaof sand and for ventilation,

d. filtration to waste,

e. an overflow at the maximum filter water leveida

f. protection from freezing.

4.2.4.4 Rates of filtration

The permissible rates of filtration shall be detiered by the quality of the raw water and shall
be on the basis of experimental data derived filmanatater to be treated. The nominal rate may
be 45 to 150 gallons per day per square foot ol saea (1.8 - 6.1 m/day), with somewhat
higher rates acceptable when demonstrated to tistaséion of the approving authority.

4.2.4.5 Underdrains

Each filter unit shall be equipped with a main drand an adequate number of lateral
underdrains to collect the filtered water. The uddans shall be so spaced that the maximum
velocity of the water flow in the underdrain wilbihexceed 0.75 feet per second. The maximum

spacing of laterals shall not exceed 3 feet if péperals are used.

4.2.4.6 Filter material



a. Filter sand shall be placed on graded gravekrtafpor a minimum depth of 30 inches.

b. The effective size shall be between 0.15 mmQBA mm. Larger sizes may be considered by
the reviewing authority; a pilot study may be reqdi

c. The uniformity coefficient shall not exceed 2.5.

d. The sand shall be cleaned and washed free fsogigh matter.

e. The sand shall be rebedded when scraping hase@dhe bed depth to no less than 19 inches.
Where sand is to be reused in order to provideobioal seeding and shortening of the ripening
process, rebedding shall utilize a "throw over'htaque whereby new sand is placed on the
support gravel and existing sand is replaced omtape new sand.

4.2.4.7 Filter gravel

The supporting gravel should be similar to the sizeé depth distribution provided for rapid rate
gravity filters. Seel.2.1.6e.5,6.

4.2.4.8 Depth of water on filter beds

Design shall provide a depth of at least threextdeet of water over the sand. Influent water
shall not scour the sand surface.

4.2.4.9 Control appurtenances
Each filter shall be equipped with:
a. loss of head gauge,

b. an orifice, Venturi meter, or other suitable meaf discharge measurement installed on each
filter to control the rate of filtration,

c. an effluent pipe designed to maintain the wigtezl above the top of the filter sand.

4.2.4.10 Ripening

Slow sand filters shall be operated to waste aftegiping or rebedding during a ripening period
until the filter effluent turbidity falls to condently below the regulated drinking water standard
established for the system.

4.2.5 Direct filtration

Direct filtration, as used herein, refers to thedtion of a surface water following chemical

coagulation and possibly flocculation but withoubp settling. The nature of the treatment
process will depend upon the raw water qualityulAdcale direct filtration plant shall not be



constructed without prior pilot studies which aceeptable to the reviewing authority. In-plant
demonstration studies may be appropriate whereesdional treatment plants are converted to
direct filtration. Where direct filtration is proped, an engineering report shall be submitted
prior to conducting pilot plant or in-plant demaiagion studies.

4.2.5.1 Engineering report

In addition to the items considered in Section 1Ehgineering Report”, the report should
include a historical summary of meteorological doods and of raw water quality with special
reference to fluctuations in quality, and possguerces of contamination. The following raw
water parameters should be evaluated in the report:

a. color,

b. turbidity,

c. bacterial concentration,

d. microscopic biological organisms,

e. temperature,

f. total solids,

g. general inorganic chemical characteristics,

h. additional parameters as required by the revigwauthority.

The report should also include a description ofhods and work to be done during a pilot plant
study or, where appropriate, an in-plant demoristragtudy.

4.2.5.2 Pilot plant studies

After approval of the engineering report, a piliotdy or in-plant demonstration study shall be
conducted. The study must be conducted over ecarifitime to treat all expected raw water
conditions throughout the year. The study shall leesfze but not be limited to, the following

items:

a. chemical mixing conditions including shear geatts and detention periods,

b. chemical feed rates,

c. use of various coagulants and coagulant aids,

d. flocculation conditions,



e. filtration rates,
f. filter gradation, types of media and depth oftiag
g. filter breakthrough conditions, and

h. adverse impact of recycling backwash water dusolids, algae, trihalomethane formation
and similar problems.

Prior to the initiation of design plans and speaifions, a final report including the engineer's
design recommendations shall be submitted to Weweng authority.

The pilot plant filter must be of a similar typedaoperated in the same manner as proposed for
full scale operation.

The pilot study must demonstrate the minimum cdrttae necessary for optimum filtration for
each coagulant proposed.

4.2.5.3 Pretreatment - Rapid mix and flocculation

The final rapid mix and flocculation basin desi¢nosld be based on the pilot plant or in-plant
demonstration studies augmented with applicablequs of Sectio.1.2 "Rapid Mix" and
Section4.1.3 "Flocculation."

4.2.5.4 Filtration

a. Filters shall be rapid rate gravity filters withal or mixed media. The final filter design shall
be based on the pilot plant or in-plant demonsinasitudies and all portions of Sectib2.],

"Rapid Rate Gravity Filters." Pressure filters imgée media sand filters shall not be used.

b. A continuous recording turbidimeter shall beaitied on each filter effluent line and on the
composite filter effluent line.

c. Additional continuous monitoring equipment sashparticle counting or streaming current
metering to assist in control of coagulant dose bayequired by the reviewing authority.

4.2.5.5 Siting requirements

The plant design and land ownership surroundingliuet shall allow for modifications of the
plant.

4.2.6 Deep bed rapid rate gravity filters

4.2.6.1



Deep bed rapid rate gravity filters, as used hegenerally refers to rapid rate gravity filters
with filter material depths equal to or greatemtd® inches. Filter media sizes are typically
larger than those listed in Sectiér?.1.6e.

4.2.6.2

Deep bed rapid rate filters may be considered basedilot studies pre approved by the
reviewing authority.

4.2.6.3

The final filter design shall be based on the polaint studies and shall comply with all
applicable portions of Sectigh2.1 Careful attention shall be paid to the desigthefbackwash
system which usually includes simultaneous air seod water backwash at subfluidization
velocities.

4.2.7 Biologically active filters
42.7.1

Biologically active filtration, as used herein,ee to the filtration of a surface water (or a
ground water with iron, manganese or significantired organic material) which includes the
establishment and maintenance of biological agtwithin the filtration media.

Objectives of biologically active filtration maydlude control of disinfection byproduct
precursors, increased disinfectant stability, réidacof substrates for microbial regrowth,
breakdown of small quantities of synthetic orgastiemicals, reduction of ammonia-nitrogen,
and oxidation of iron and manganese. Biologicaldgtcan have an adverse impact on
turbidity, particle and microbial pathogen remowhsinfection practices; head loss
development; filter run times and distribution gystcorrosion. Design and operation should
ensure that aerobic conditions are maintained &étas. Biologically active filtration often
includes the use of ozone as a pre-oxidant/didiafeavhich breaks down natural organic
materials into biodegradable organic matter andgea activated carbon filter media which
may promote denser biofilms.

Biologically active filters may be considered basedilot studies pre-approved by the
reviewing authority. The study objectives must leady defined and must ensure the microbial
quality of the filtered water under all anticipatsahditions of operation. The pilot study shall be
of sufficient duration to ensure establishmentuifibiological activity; often greater than three
months is required. Also, the pilot study shalbbish empty bed contact time, biomass loading,
and/or other parameters necessary for successuatipn as required by the reviewing
authority.

4.2.7.2



The final filter design shall be based on the polaint studies and shall comply with all
applicable portions of Sectigh2.1

4.3 DISINFECTION

Chlorine is historically the preferred disinfectiagent. Disinfection may be accomplished with
gas and liquid chlorine, calcium or sodium hypodids, chlorine dioxide, ozone, or ultraviolet
light. Other disinfecting agents will be considerpobviding reliable application equipment is
available and testing procedures for a residuateregnized in "Standard Methods for the
Examination of Water and Wastewater," latest editoan equivalent means of measuring
effectiveness exists. Disinfection is requireddtirsurface water supplies, groundwater under
the direct influence of surface water, and for grgundwater supply of questionable sanitary
quality or where other treatment is provided. Cfisttion with chloramines is not recommended
for primary disinfection. The required amount oihpary disinfection needed shall be specified
by the reviewing authority. Continuous disinfectismecommended for all water supplies.
Consideration must be given to the formation oindextion byproducts (DBP) when selecting
the disinfectant.

4.3.1 Chlorination equipment
4.3.1.1 Type

Solution-feed gas chlorinators or hypochlorite fsdf the positive displacement type must be
provided. (se®art 5.

4.3.1.2 Capacity

The chlorinator capacity shall be such that a étderine residual of at least 2 mg/L can be
maintained in the water once all demands are nwet ebntact time of at least 30 minutes when
maximum flow rate coincides with anticipated maximahlorine demand. The equipment shall
be of such design that it will operate accuratelgrahe desired feeding range.

4.3.1.3 Standby equipment

Where chlorination is required for protection o# tupply, standby equipment of sufficient
capacity shall be available to replace the largegt Spare parts shall be made available to
replace parts subject to wear and breakage. I¢tiset large difference in feed rates between
routine and emergency dosages, a gas meteringhaogd be provided for each dose range to
ensure accurate control of the chlorine feed.

4.3.1.4 Automatic switch-over

Automatic switch-over of chlorine cylinders shotlel provided, where necessary, to assure
continuous disinfection.

4.3.1.5 Automatic proportioning



Automatic proportioning chlorinators will be regedr where the rate of flow or chlorine demand
is not reasonably constant.

4.3.1.6 Eductor

Each eductor must be selected for the point ofiegjgbn with particular attention given to the
guantity of chlorine to be added, the maximum itgegvaterflow, the total discharge back
pressure, the injector operating pressure, anditieeof the chlorine solution line. Gauges for
measuring water pressure and vacuum at the intebatiet of each eductor should be provided.

4.3.1.7 Injector/diffuser

The chlorine solution injector/diffuser must be gatible with the point of application to
provide a rapid and thorough mix with all the wdiemg treated. The center of a pipeline is the
preferred application point.

4.3.2 Contact time and point of application

a. Due consideration shall be given to the cortanet of the disinfectant in water with relation

to pH, ammonia, taste-producing substances, teryperdoacterial quality, disinfection
byproduct formation potential and other pertinemtérs. The disinfectant should be applied at a
point which will provide adequate contact time. Bdisins used for disinfection must be
designed to minimize short circuiting. Additionaiffiing can be added to new or existing basins
to minimize short circuiting and increase contaott

b. At plants treating surface water, provisiondldiamade for applying the disinfectant to the
raw water, settled water, filtered water, and watgering the distribution system.

c. As a minimum, at plants treating groundwateoymions shall be made for applying the
disinfectant to the detention basin inlet and wateering the distribution system.

d. The amount of contact time provided will dependhe type of disinfectant used along with
the parameters mentioned4r8.2a. As a minimum, for surface waters and groundwaiader
the direct influence of surface water, the systamstrbe designed to meet the CT standards set
by the reviewing authority. If primary disinfectie®accomplished using ozone or some other
chemical that does not provide a residual disimfegtthen chlorine must be added to provide a
residual disinfectant as mentionedi3.3.Disinfection for groundwaters shall be as deteedin
by the reviewing authority.

4.3.3 Residual chlorine
a. Minimum free chlorine residual in a water disiition system should be 0.2 mg/L. Minimum

chloramine residuals, where chloramination is peadt should be 1.0 mg/L at distant points in
the distribution system.



b. Higher residuals may be required depending ont@idperature and other characteristics of
the water.

4.3.4 Testing equipment

a. Chlorine residual test equipment recognizetiénlatest edition of Standard Methods for the
Examination of Water and Wastewater shall be pexiand should be capable of measuring
residuals to the nearest 0.1 milligrams per liteas recommended that all systems, as a
minimum, use an instrument using the DPD colorimoetrethod with a digital readout and a self
contained light source.

b. Automatic chlorine residual recorders shoulgtmided where the chlorine demand varies
appreciably over a short period of time.

c. All treatment plants having a capacity of 0.Hion gallons per day or greater should be
equipped with recording chlorine analyzers monitgnivater entering the distribution system.
(see SectioR.9).

d. All surface water treatment plants that serpeulation greater that 3300 must have
equipment to measure chlorine residuals continycerglering the distribution system.

e. Systems that rely on chlorination for inactiwatof bacteria or other microorganisms present
in the source water shall have continuous chlamselual analyzers and other equipment that
automatically shut down the facility when chlorimesiduals are not met unless otherwise
approved by the reviewing authority.

4.3.5 Chlorinator piping
4.3.5.1 Cross-connection protection

The chlorinator water supply piping shall be desyjto prevent contamination of the treated
water supply by sources of questionable qualityalhtacilities treating surface water, pre- and
post-chlorination systems must be independentdegnt possible siphoning of partially treated
water into the clear well. The water supply to eadhctor shall have a separate shut-off valve.
No master shut-off valve will be allowed.

4.3.5.2 Pipe material

The pipes carrying elemental liquid or dry gasedhsrine under pressure must be Schedule 80
seamless steel tubing or other materials recomnaelogléhe Chlorine Institute (never use PVC).
Rubber, PVC, polyethylene, or other materials revemded by the Chlorine Institute must be
used for chlorine solution piping and fittings. Nglproducts are not acceptable for any part of
the chlorine solution piping system.

4.3.6 Housing



Adequate housing must be provided for the chloiema¢quipment and for storing the chlorine.
(seePart 5.

4.3.7 Ozone
4.3.7.1 Design considerations

Ozonation systems are generally used for the parpbdisinfection, oxidation and
microflocculation. When applied, all of these réac$ may occur but typically only one is the
primary purpose for its use. The other reactionald/tbecome secondary benefits of the
installation.

Effective disinfection occurs as demonstrated yfétt that the "CT" values for ozone, for
inactivation of viruses and Giardia cysts, are aderably lower than the "CT" values for other
disinfectants. In addition, recent research indisdhat ozone can be an effective disinfectant for
the inactivation of cryptosporidium. Microflocculan and enhanced filterability has been
demonstrated for many water supplies but has matroed in all waters. Oxidation of organic
compounds such as color, taste and odor, and @etsrgnd inorganic compounds such as iron,
manganese, heavy metals and hydrogen sulfide kasdzeumented. The effectiveness of
oxidation has been varied, depending on pH andimityeof the water. These parameters affect
the formation of highly reactive hydroxyl radicate, conversely the scavenging of this oxidant.
High levels of hydroxyl radicals cause lower levelsesidual ozone. Depending on the desired
oxidation reaction, it may be necessary to maxirzene residual or maximize hydroxyl radical
formation. For disinfection, residual ozone is reseey for development of "CT".

As a minimum, bench scale studies shall be conduotdetermine minimum and maximum
ozone dosages for disinfection "CT" compliance axidation reactions. More involved pilot
studies shall be conducted when necessary to dotureaefits and DBP precursor removal
effectiveness. Consideration shall be given to iplelpoints of ozone addition. Pilot studies
shall be conducted for all surface waters. Extreare must be taken during bench and pilot
scale studies to ensure accurate results. Particgknsitive measurements include gas flow
rate, water flow rate, and ozone concentration.

Following the use of ozone, the application of girdectant which maintains a measurable
residual will be required in order to ensure a éactogically safe water is carried throughout
the distribution system.

Furthermore, because of the more sophisticateadenafithe ozone process a higher degree of
operator maintenance skills and training is reqlifiée ability to obtain qualified operators
must be evaluated in selection of the treatmentqe®. The necessary operator training shall be
provided prior to plant startup.

The production of ozone is an energy intensive ggscsubstantial economies in electrical
usage, reduction in equipment size, and wasterbgaival requirements can be obtained by
using oxygen enriched air or 100% oxygen as fered by operating at increased electrical
frequency.



Use of ozone may result in increases in biologycaailable organics content of the treated
water. Consideration of biologically active filtiat may be required to stabilize some treated
waters. Ozone use may also lead to increased chted byproduct levels if the water is not
stabilized and free chlorine is used for distribatprotection.

4.3.7.2 Feed Gas Preparation
a. General

Feed gas can be air, oxygen enriched air, or higitypoxygen. Sources of high purity oxygen
include purchased liquid oxygen; on site generatiging cryogenic air separation; or
temperature, pressure or vacuum swing (adsorpéparation) technology. For high purity
oxygen-feed systems, dryers typically are not mexglli

Air handling equipment on conventional low pressairdeed systems shall consist of an air
compressor, water/air separator, refrigerant dityea reactivated desiccant dryer, and
particulate filters. Some "package" ozonation systéor small plants may work effectively
operating at high pressure without the refrigecager and with a "heat-less" desiccant dryer. In
all cases the design engineer must ensure thatalkenum dew point of -76°F (-60°C) will not
be exceeded at any time.

b. Air Compression

1. Air compressors shall be of the liquid-ring otary lobe, oil-less, positive displacement type
for smaller systems or dry rotary screw compreskoriarger systems.

2. The air compressors shall have the capacityral&neously provide for maximum ozone
demand, provide the air flow required for purgihg tlesiccant dryers (whererequired) and allow
for standby capacity.

3. Air feed for the compressor shall be drawn fieppoint protected from rain, condensation,
mist, fog and contaminated air sources to minimmoésture and hydrocarbon content of the air

supply.

4. A compressed air after-cooler and/or entrainrseparator with automatic drain shall be
provided prior to the dryers to reduce the watgrova

5. A back-up air compressor must be provided sbdbane generation is not interrupted in the
event of a break-down.

c. Air Drying

1. Dry, dust-free and oil-free feed gas must beipied to the ozone generator. Dry gas is
essential to prevent formation of nitric acid, torease the efficiency of ozone generation and to
prevent damage to the generator dielectrics. Sefficdrying to a maximum dew point of -76°F
(-60°C) must be provided at the end of the dryingje



2. Drying for high pressure systems may be accamngtl using heatless desiccant dryers only.
For low pressure systems, a refrigeration air diyeseries with heat-reactivated desiccant dryers
shall be used.

3. A refrigeration dryer capable of reducing irde@ttemperature to 40°F (4°C) shall be provided
for low pressure air preparation systems. The degarbe of the compressed refrigerant type or
chilled water type.

4. For heat-reactivated desiccant dryers, thedlall contain two desiccant filled towers
complete with pressure relief valves, two four-wajves and a heater. In addition, external type
dryers shall have a cooler unit and blowers. The sf the unit shall be such that the specified
dew point will be achieved during a minimum adsiamptycle time of 16 hours while operating
at the maximum expected moisture loading conditions

5. Multiple air dryers shall be provided so tha tizone generation is not interrupted in the
event of dryer breakdown.

6. Each dryer shall be capable of venting "dry" gathe atmosphere, prior to the ozone
generator, to allow start-up when other dryers'areline”.

d. Air Filters

1. Air filters shall be provided on the suctionesif the air compressors, between the air
compressors and the dryers and between the dmyditha ozone generators.

2. The filter before the desiccant dryers shalbbthe coalescing type and be capable of
removing aerosol and particulates larger than Gc8ams in diameter. The filter after the
desiccant dryer shall be of the particulate type lag capable of removing all particulates greater
than 0.1 microns in diameter, or smaller if spedfby the generator manufacturer.

e. Preparation Piping

Piping in the air preparation system can be comgrade steel, seamless copper, stainless steel
or galvanized steel. The piping must be designedttistand the maximum pressures in the air
preparation system.

4.3.7.3 Ozone Generator

a. Capacity

1. The production rating of the ozone generatoadl le stated in pounds per day and kWhr per
pound at a maximum cooling water temperature andrman ozone concentration.

2. The design shall ensure that the minimum comagoih of ozone in the generator exit gas will
not be less than 1 percent (by weight).



3. Generators shall be sized to have sufficier@riescapacity so that the system does not
operate at peak capacity for extended periodsrd.tiThis can result in premature breakdown of
the dielectrics.

4. The production rate of ozone generators wilkel@se as the temperature of the coolant
increases. If there is to be a variation in thepbuemperature of the coolant throughout the
year, then pertinent data shall be used to deterprioduction changes due to the temperature
change of the supplied coolant. The design shallrenthat the generators can produce the
required ozone at maximum coolant temperature.

5. Appropriate ozone generator backup equipment briprovided.
b. Electrical

The generators can be low, medium or high frequéymy. Specifications shall require that the
transformers, electronic circuitry and other elieelrhardware be proven, high quality
components designed for ozone service.

c. Cooling

Adequate cooling shall be provided. The requiretewtow to an ozone generator varies with
the ozone production. Normally unit design providesaximum cooling water temperature rise
of 5°F (2.8°C). The cooling water must be propérdated to minimize corrosion, scaling and
microbiological fouling of the water side of théo&s. A closed loop cooling water system is
often used to insure proper water conditions arataiaed. Where cooling water is treated cross
connection control shall be provided to preventtanination of the potable water supply in
accordance with Sectidh8.2

d. Materials

To prevent corrosion, the ozone generator sheltalnels shall be constructed of Type 316L
stainless steel.

4.3.7.4 Ozone Contactors

The selection or design of the contactor and mettiadone application depends on the purpose
for which the ozone is being used.

a. Bubble Diffusers
1. Where disinfection is the primary applicatiommimum of two contact chambers each
equipped with baffles to prevent short circuitimglanduce countercurrent flow shall be

provided. Ozone shall be applied using porous-trtome diffusers.

2. The minimum contact time shall be 10 minutesharter contact time may be approved by
the reviewing authority if justified by appropriadesign and "CT" considerations.



3. For ozone applications in which precipitatesfarmed, such as with iron and manganese
removal, porous diffusers should be used with cauti

4. Where taste and odor control is of concern, iplalapplication points and contactors shall be
considered.

5. Contactors should be separate closed vesselsava no common walls with adjacent rooms.
The contactor must be kept under negative presswuteufficient ozone monitors shall be
provided to protect worker safety. Placement ofdtvetactor where the entire roof is exposed to
the open atmosphere is recommended.

6. Large contact vessels should be made of reiefoconcrete. All reinforcement bars shall be
covered with a minimum of 1.5 inches of concretealler contact vessels can be made of
stainless steel, fiberglass or other material wiighbe stable in the presence of residual ozone
and ozone in the gas phase above the water level.

7. Where necessary a system shall be provided batthe contactor and the off-gas destruct
unit to remove froth from the air and return thiestto the contactor or other location acceptable
to the reviewing authority. If foaming is expectedoe excessive, then a potable water spray
system shall be placed in the contactor head space.

8. All openings into the contactor for pipe connats$, hatchways, etc. shall be properly sealed
using welds or ozone resistant gaskets such asmTeflHypalon.

9. Multiple sampling ports shall be provided to lelessampling of each compartment's effluent
water and to confirm "CT" calculations.

10. A pressure/vacuum relief valve shall be prodiotethe contactor and piped to a location
where there will be no damage to the destructiah un

11. The diffusion system should work on a countesnt basis such that the ozone is fed at the
bottom of the vessel and water is fed at the tajh@fvessel.

12. The depth of water in bubble diffuser contax&irould be a minimum of 18 feet. The
contactor should also have a minimum of 3 feeteélboard to allow for foaming.

13. All contactors shall have provisions for cleapimaintenance and drainage of the contactor.
Each contactor compartment shall also be equippédan access hatchway.

14. Aeration diffusers shall be fully serviceabledither cleaning or replacement.
b. Other contactors
Other contactors, such as the venturi or aspirdtirfigine mixer contactor, may be approved by

the reviewing authority provided adequate ozonesfiex is achieved and the required contact
times and residuals can be met and verified.



4.3.7.5 Ozone Destruction Unit

a. A system for treating the final off-gas from le@ontactor must be provided in order to meet
safety and air quality standards. Acceptable systasiude thermal destruction and
thermal/catalytic destruction units.

b. In order to reduce the risk of fires, the usermfs that operate at lower temperatures is
encouraged, especially where high purity oxygehesfeed gas.

c. The maximum allowable ozone concentration indiseharge is 0.1 ppm (by volume).
d. At least two units shall be provided which aaelecapable of handling the entire gas flow.

e. Exhaust blowers shall be provided in order emwoff-gas from the contactor into the destruct
unit.

f. Catalysts must be protected from froth, moistumd other impurities which may harm the
catalyst.

g. The catalyst and heating elements shall beddoahere they can easily be reached for
maintenance.

4.3.7.6 Piping Materials

Only low carbon 304L and 316L stainless steels| &fealised for ozone service with 316L the
preferred.

4.3.7.7 Joints and Connections

a. Connections on piping used for ozone servicécabe welded where possible.

b. Connections with meters, valves or other equigraee to be made with flanged joints with
ozone resistant gaskets, such as Teflon of Hyp&8orewed fittings shall not be used because of

their tendency to leak.

c. A positive closing plug or butterfly valve pladeak-proof check valve shall be provided in
the piping between the generator and the contéztorevent moisture reaching the generator.

4.3.7.8 Instrumentation
a. Pressure gauges shall be provided at the dgelram the air compressor, at the inlet to the

refrigeration dryers, at the inlet and outlet af ttesiccant dryers, at the inlet to the ozone
generators and contactors and at the inlet tozbaerdestruction unit.



b. Electric power meters should be provided for sneag the electric power supplied to the
ozone generators. Each generator shall have whiigh shuts down the generator when the
wattage exceeds a certain preset level.

c. Dew point monitors shall be provided for measgithe moisture of the feed gas from the
desiccant dryers. Because it is critical to mamthe specified dew point, it is recommended
that continuous recording charts be used for dewt paonitoring which will allow for proper
adjustment of the dryer cycle. Where there is pakfor moisture entering the ozone generator
from downstream of the unit or where moisture aagaton can occur in the generator during
shutdown, post-generator dew point monitors shallised.

d. Air flow meters shall be provided for measuraigflow from the desiccant dryers to each of
other ozone generators, air flow to each contaatdrpurge air flow to the desiccant dryers.

e. Temperature gauges shall be provided for tlet amd outlet of the ozone cooling water and
the inlet and outlet of the ozone generator feex] gad, if necessary, for the inlet and outlet of
the ozone power supply cooling water.

f. Water flow meters shall be installed to monitee flow of cooling water to the ozone
generators and, if necessary, to the ozone povpgiysu

g. Ozone monitors shall be installed to measure pomcentration in both the feed-gas and off-
gas from the contactor and in the off-gas fromdéstruct unit. For disinfection systems,
monitors shall also be provided for monitoring czeesiduals in the water. The number and
location of ozone residual monitors shall be sinett the amount of time that the water is in
contact with the ozone residual can be determined.

h. A minimum of one ambient ozone monitor shallistalled in the vicinity of the contactor
and a minimum of one shall be installed in thenitgiof the generator. Ozone monitors shall
also be installed in any areas where ozone gasacaymulate.

4.3.7.9 Alarms
The following alarm/shutdown systems should be id@ned at each installation:

a. Dew point shutdown/alarm - This system should glown the generator in the event the
system dew point exceeds - 76°F (-60°C).

b. Ozone generator cooling water flow shutdownralailhis system should shut down the
generator in the event that cooling water flowsrdase to the point that generator damage could
occur.

c. Ozone power supply cooling water flow shutdowarfa - This system should shut down the
power supply in the event that cooling water flogcikases to the point that damage could occur
to the power supply.



d. Ozone generator cooling water temperature skurtédarm - This system should shutdown
the generator if either the inlet or outlet cooliwgter exceeds a certain preset temperature.

e. Ozone power supply cooling water temperaturédsiwn/alarm - This system should
shutdown the power supply if either the inlet otletucooling water exceeds a certain preset
temperature.

f. Ozone generator inlet feed-gas temperature skutthlarm - This system should shutdown
the generator if the feed-gas temperature is abqueset value.

g. Ambient ozone concentration shutdown/alarm - dlaem should sound when the ozone level
in the ambient air exceeds 0.1 ppm or a lower vaehasen by the water supplier. Ozone
generator shutdown should occur when ambient olswats exceed 0.3 ppm (or a lower value)
in either the vicinity of the ozone generator @& tdontactor.

h. Ozone destruct temperature alarm - The alarmldlsmund when temperature exceeds a
preset value.

4.3.7.10 Safety

a. The maximum allowable ozone concentration ireih& which workers may be exposed
must not exceed 0.1 ppm (by volume).

b. Noise levels resulting from the operating eqeptrof the ozonation system shall be
controlled to within acceptable limits by speciam construction and equipment isolation.

c. High voltage and high frequency electrical equapt must meet current electrical and fire
codes.

d. Emergency exhaust fans must be provided indbms containing the ozone generators to
remove ozone gas if leakage occurs.

e. A portable purge air blower that will removeidesi ozone in the contactor prior to entry for
repair or maintenance should be provided.

f. A sign shall be posted indicating "No smokingygen in use" at all entrances to the treatment
plant. In addition, no flammable or combustible enetis shall be stored within the oxygen
generator areas.

4.3.7.11 Construction Considerations

a. Prior to connecting the piping from the desitchgers to the ozone generators the air
compressors should be used to blow the dust direadesiccant.

b. The contactor should be tested for leakage sffaling the exterior. This can be done by
pressurizing the contactor and checking for presksses.



c. Connections on the ozone service line shoul@sted for leakage using the soap-test method.
4.3.8 Chlorine dioxide

Chlorine dioxide may be considered as a primaryrasaiual disinfectant, a pre-oxidant to
control tastes and odors, to oxidize iron and maage, and to control hydrogen sulfide and
phenolic compounds. It has been shown to be agtimnfectant which does not form THMs

or HAAs. When choosing chlorine dioxide, consideramust be given to formation of the
regulated byproducts, chlorite and chlorate.

4.3.8.1 Chlorine dioxide generators

Chlorine dioxide generation equipment shall bedgcassembled pre-engineered units with a
minimum efficiency of 95 percent. The excess frelrne shall not exceed three percent of the
theoretical stoichiometric concentration required.

4.3.8.2 Feed and storage facilities

Chlorine gas and sodium chlorite feed and storagsdities shall comply with sectiorfss4.1and
5.4.3 respectively. Sodium hypochlorite feed and sterfagilities shall comply with section
5.4.4

4.3.8.3 Other design requirements

a. The design shall comply with all applicable mor$ of sectiong.3.1,4.3.2 4.3.4 and4.3.5

b. The maximum residual disinfectant level has lsstrat 0.8 mg/l, even for short term
exposures. The minimum residual disinfectant lehealll be established by the reviewing
authority.

4.3.8.4 Public notification

Notification of a change in disinfection practiaasl the schedule for the changes shall be made
known to the public; particularly to hospitals, kel dialysis facilities and fish breeders, as
chlorine dioxide and its byproducts may have sineléects as chloramines.

4.3.9 Ultraviolet light

SeePOLICY STATEMENT ON ULTRAVIOLET LIGHT FOR TREATMENTOF PUBLIC
WATER SUPPLIES

4.3.10 Other disinfecting agents

Proposals for use of disinfecting agents other thase listed shall be approved by the
reviewing authority prior to preparation of findaps and specifications.



4.4 SOFTENING

The softening process selected must be based bpaniheral qualities of the raw water and the
desired finished water quality in conjunction widlgquirements for disposal of sludge or brine
waste, cost of plant, cost of chemicals and placdtion. Applicability of the process chosen
shall be demonstrated.

4.4.1 Lime or lime-soda process

Design standards for rapid mix, flocculation andisentation are in Sectichl Additional
consideration must be given to the following precelements.

4.4.1.1 Hydraulics

When split treatment is used, the bypass line shbelsized to carry total plant flow, and an
accurate means of measuring and splitting the flawst be provided.

4.4.1.2 Aeration

Determinations should be made for the carbon dexmhtent of the raw water. When
concentrations exceed 10 mg/L, the economics obvahby aeration as opposed to removal
with lime should be considered if it has been deieed that dissolved oxygen in the finished
water will not cause corrosion problems in theribstion system. (see Sectidrb).

4.4.1.3 Chemical feed point

Lime and recycled sludge should be fed directly ihie rapid mix basin.

4.4.1.4 Rapid mix

Rapid mix basins must provide not more than 30 sgEadetention time with adequate velocity
gradients to keep the lime patrticles dispersed.

4.4.1.5 Stabilization

Equipment for stabilization of water softened bg lime or lime-soda process is required. (see
Sectior4.8).

4.4.1.6 Sludge collection
a. Mechanical sludge removal equipment shall beigea in the sedimentation basin.
b. Sludge recycling to the rapid mix should be pied.

4.4.1.7 Sludge disposal



Provisions must be included for proper disposaadfening sludges. (sé&art 9.
4.4.1.8 Disinfection

The use of excess lime shall not be consideredegptable substitute for disinfection. (see
Sectiord.3)

4.4.1.9 Plant start-up
The plant processes must be manually started folgpahut-down.
4.4.2 Cation exchange process

Alternative methods of hardness reduction shoulohestigated when the sodium content and
dissolved solids concentration is of concern.

4.4.2.1 Pre-treatment requirements

Iron, manganese, or a combination of the two, shoot exceed 0.3 mg/L in the water as
applied to the ion exchange resin. Pre-treatmemggsired when the content of iron, manganese,
or a combination of the two, is one milligram p&zrl or more. (see Sectigh6). Waters having

5 units or more turbidity should not be appliecedity to the cation exchange softener.

4.4.2.2 Design
The units may be of pressure or gravity type, tfezian upflow or downflow design. Automatic
regeneration based on volume of water softeneddbeuused unless manual regeneration is

justified and is approved by the reviewing authyor® manual override shall be provided on all
automatic controls.

4.4.2.3 Exchange capacity

The design capacity for hardness removal shoul@éxoted 20,000 grains per cubic foot (46
kg/m®) when resin is regenerated with 0.3 pounds (Og)dksalt per kgr of hardness removed.

4.4.2.4 Depth of resin

The depth of the exchange resin should not bettessthree feet.

4.4.2.5 Flow rates

The rate of softening should not exceed sevengglb@r minute per square foot of bed area (17
m/hr) and the backwash rate should be six to gjghbns per minute per square foot (14 - 20

m/hr) of bed area. Rate-of-flow controllers or #gpiivalent must be installed for the above
purposes.



4.4.2.6 Freeboard

The freeboard will depend upon the size and spegifivity of the resin and the direction of
water flow. Generally, the washwater collector didae 24 inches above the top of the resin on
downflow units.

4.4.2.7 Underdrains and supporting gravel

The bottoms, strainer systems and support forxbbkange resin shall conform to criteria
provided for rapid rate gravity filters. (see Sen#4.2.1.6and4.2.1.7.

4.4.2.8 Brine distribution

Facilities should be included for even distributafrthe brine over the entire surface of both
upflow and downflow units.

4.4.2.9 Cross-connection control

Backwash, rinse and air relief discharge piped $igainstalled in such a manner as to prevent
any possibility of back-siphonage.

4.4.2.10 Bypass piping and equipment

A bypass must be provided around softening unifgéduce a blended water of desirable
hardness. Totalizing meters must be installed erbypass line and on each softener unit. The
bypass line must have a shutoff valve and showe ha automatic proportioning or

regulating device. In some installations, it mayneeessary to treat the bypassed water to obtain
acceptable levels of iron and/or manganese initighed water.

4.4.2.11 Additional limitations

Silica gel resins should not be used for watersrigga pH above 8.4 or containing less than six
milligrams per liter silica and should not be usdten iron is present. When the applied water
contains a chlorine residual, the cation exchaegmrshall be a type that is not damaged by
residual chlorine. Phenolic resin should not beluse

4.4.2.12 Sampling taps

Smooth-nose sampling taps must be provided focolection of representative samples. The
taps shall be located to provide for sampling efsbftener influent, effluent and blended water.
The sampling taps for the blended water shall beast 20 feet downstream from the point of
blending. Petcocks are not acceptable as samglpsy Sampling taps should be provided on the
brine tank discharge piping.

4.4.2.13 Brine and salt storage tanks



a. Salt dissolving or brine tanks and wet saltagjertanks must be covered and must be
corrosion-resistant.

b. The make-up water inlet must be protected frackksiphonage. Water for filling the tank
should be distributed over the entire surface lpgpiabove the maximum brine level In the tank.
The tanks should be provided with an automaticidieq level control system on the make-up
water line.

c. Wet salt storage basins must be equipped wittholas or hatchways for access and for direct
dumping of salt from truck or railcar. Openings ms provided with raised curbs and
watertight covers having overlapping edges simidathose required for finished water
reservoirs.

d. Overflows, where provided, must be protectedhwdrrosion resistant screens and must
terminate with either a turned downed bend havipgoper free fall discharge or a self-closing
flap valve.

e. Two wet salt storage tanks or compartments deditp operate independently should be
provided.

f. The salt shall be supported on graduated |layegsavel placed over a brine collection system.

g. Alternative designs which are conducive to feagicleaning of the wet salt storage tank may
be considered.

4.4.2.14 Salt and brine storage capacity

Total salt storage should have sufficient capaaitgtore in excess of 1 %2 carloads or truckloads
of salt, and provide for at least 30 days of openat

4.4.2.15 Brine pump or eductor

An eductor may be used to transfer brine from tiirgeltank to the softeners. If a pump is used, a
brine measuring tank or means of metering shoulgrbeided to obtain proper dilution.

4.4.2.16 Stabilization

Refer t04.8

4.4.2.17 Waste disposal

Suitable disposal must be provided for brine wéStePart 9. Where the volume of spent brine
must be reduced, consideration may be given tayusipart of the spent brine for a subsequent

regeneration.

4.4.2.18 Construction materials



Pipes and contact materials must be resistanetaggressiveness of salt. Plastic and red brass
are acceptable piping materials. Steel and conanat be coated with a non-leaching protective
coating which is compatible with salt and brine.

4.4.2.19 Housing

Bagged salt and Dry bulk salt storage shall becseel and separated from other operating areas
in order to prevent damage to equipment.

4.4.3 Water quality test equipment

Test equipment for alkalinity, total hardness, cardioxide content, and pH should be provided
to determine treatment effectiveness.

4.5 AERATION

Aeration may be used to help remove offensive $aamtel odors due to dissolved gases from
decomposing organic matter, or to reduce or renotyectionable amounts of carbon dioxide,
hydrogen sulfide, etc., and to introduce oxygeadsist in iron and/or manganese removal. The
packed tower aeration process is an aeration ga@gdicable to removal of volatile organic
contaminants.

4.5.1 Natural draft aeration

Design shall provide

a. perforations in the distribution pan 3/16 tori¢hies in diameter, spaced 1 to 3 inches on
centers to maintain a six inch water depth,

b. for distribution of water uniformly over the toy,

c. discharge through a series of three or mores tnath separation of trays not less than 12
inches,

d. loading at a rate of 1 to 5 gallons per minotesiach square foot of total tray area (2.5 - 12.5
m/hr),

e. trays with slotted, heavy wire (Y2 inch openinggsh or perforated bottoms,
f. construction of durable material resistant tgragsiveness of the water and dissolved gases,

g. protection from loss of spray water by wind @age by enclosure with louvers sloped to the
inside at a angle of approximately 45 degrees,

h. protection from insects by 24-mesh screen.



4.5.2 Forced or induced draft aeration

Devices shall be designed to

a. include a blower with a weatherproof motor gt housing and screened enclosure,
b. insure adequate counter current of air throhghenclosed aerator column,

c. exhaust air directly to the outside atmosphere,

d. include a down-turned and 24-mesh screenediigt@nd inlet,

e. be such that air introduced in the column dbalhs free from obnoxious fumes, dust, and dirt
as possible,

f. be such that sections of the aerator can béyaasiched or removed for maintenance of the
interior or installed in a separate aerator room,

g. provide loading at a rate of 1 to 5 gallonsmpérute for each square foot of total tray area(2.5
- 12.5 m/hr),

h. insure that the water outlet is adequately se@grevent unwarranted loss of air,

i. discharge through a series of five or more tnaifh separation of trays not less than six inches
or as approved by the reviewing authority,

J. provide distribution of water uniformly over thep tray,

k. be of durable material resistant to the aggvessiss of the water and dissolved gases.
4.5.3 Spray aeration

Design shall provide

a. a hydraulic head of between 5 - 25 feet,

b. nozzles, with the size, number, and spacing®hbzzles being dependent on the flowrate,
space, and the amount of head available,

c. nozzle diameters in the range of 1 to 1.5 in¢besinimize clogging,

d. an enclosed basin to contain the spray. Anyiagsrfor ventilation, etc. must be protected
with a 24-mesh screen.

4.5.4 Pressure aeration



Pressure aeration may be used for oxidation puspasky if pilot plant study indicates the

method is applicable; it is not acceptable for reah@f dissolved gases. Filters following
pressure aeration must have adequate exhaust siéviaelease of air. Pressure aeration devices
shall be designed to

a. give thorough mixing of compressed air with waiging treated,
b. provide screened and filtered air, free of oo fumes, dust, dirt and other contaminants.
4.5.5 Packed tower aeration

Packed tower aeration (PTA) which is also knowaiastripping involves passing water down
through a column of packing material while pumpamgcounter-currently up through the
packing. PTA is used for the removal of volatilgamic chemicals, trihalomethanes, carbon
dioxide, and radon. Generally, PTA is feasibledompounds with a Henry's Constant greater
than 100 (expressed in atm mol/mol) - at 12°C),dmitnormally feasible for removing
compounds with a Henry's Constant less than 10v&oes between 10 and 100, PTA may be
feasible but should be extensively evaluated ugilog studies. Values for Henry's Constant
should be discussed with the reviewing agency padinal design.

4.5.5.1 Process design

a. Process design methods for PTA involve the detation of Henry's Constant for the
contaminant, the mass transfer coefficient, aisguee drop and stripping factor. The applicant
shall provide justification for the design parametgelected (i.e. height and diameter of unit, air
to water ratio, packing depth, surface loading,rate.). Pilot plant testing may be required.

The pilot test shall evaluate a variety of loadiatgs and air to water ratios at the peak
contaminant concentration. Special consideratiaulshbe given to removal efficiencies when
multiple contaminations occur. Where there is cdersible past performance data on the
contaminant to be treated and there is a concaririgvel similar to previous projects, the
reviewing authority may approve the process delsaged on use of appropriate calculations
without pilot testing. Proposals of this type mbstdiscussed with the reviewing authority prior
to submission of any permit applications.

b. The tower shall be designed to reduce contartsriarbelow the maximum contaminant level
(MCL) and to the lowest practical level.

c. The ratio of the column diameter to packing dénshould be at least 7:1 for the pilot unit
and at least 10:1 for the full scale tower. Theetgpd size of the packing used in the full scale
unit shall be the same as that used in the pilokwo

d. The minimum volumetric air to water ratio at peaater flow should be 25:1. The maximum
air to water ratio for which credit will be gives 80:1.



e. The design should consider potential foulingopms from calcium carbonate and iron
precipitation and from bacterial growth. It mayrmressary to provide pretreatment.
Disinfection capability shall be provided priordaad after PTA.

f. The effects of temperature should be considsneck a drop in water temperature can result in
a drop in contaminant removal efficiency.

g. Redundant capacity may be required by the remgauthority.

4.5.5.2 Materials of construction

a. The tower can be constructed of stainless steetrete, aluminum, fiberglass or plastic.
Uncoated carbon steel is not recommended becawserokion. Towers constructed of light-

weight materials should be provided with adequappert to prevent damage from wind.

b. Packing materials shall be resistant to theeggweness of the water, dissolved gases and
cleaning materials and shall be suitable for cantaitth potable water.

4.5.5.3 Water flow system

a. Water should be distributed uniformly at the édphe tower using spray nozzles or orifice-
type distributor trays that prevent short circugtifror multi-point injection, one injection point
for every 30 if ( 190 cnj) of tower cross-sectional area is recommended.

b. A mist eliminator shall be provided above theexaistributor system.

c. A side wiper redistribution ring shall be prosttat least every 10 feet in order to prevent
water channeling along the tower wall and shoduiing.

d. Sample taps shall be provided in the influemt effluent piping.

e. The effluent sump, if provided, shall have easyess for cleaning purposes and be equipped
with a drain valve. The drain shall not be connédtieectly to any storm or sanitary sewer.

f. A blow-off line should be provided in the efflioiepiping to allow for discharge of
water/chemicals used to clean the tower.

g. The design shall prevent freezing of the influgser and effluent piping when the unit is not
operating. If piping is buried, it shall be maimd under positive pressure.

h. The water flow to each tower shall be metered.

i. An overflow line shall be provided which discgas 12 to 14 inches above a splash pad or
drainage inlet. Proper drainage shall be providegr¢vent flooding of the area.



J- Butterfly valves may be used in the water effiune for better flow control, as well as to
minimize air entrainment.

k. Means shall be provided to prevent floodinghaf &ir blower.

I. The water influent pipe should be supported sstpdy from the tower's main structural
support.

4.5.5.4 Air flow system

a. The air inlet to the blower and the tower disgbarent shall be downturned and protected
with a noncorrodible 24-mesh screen to preventaraimtation from extraneous matter. It is
recommended that a 4-mesh screen also be inspaltedo the 24-mesh screen on the air inlet
system.

b. The air inlet shall be in a protected location.

c. An air flow meter shall be provided on the iefft air line or an alternative method to
determine the air flow shall be provided.

d. A positive air flow sensing device and a presgiauge must be installed on the air influent
line. The positive air flow sensing device mustljeart of an automatic control system which
will turn off the influent water if positive airdlw is not detected. The pressure gauge will serve
as an indicator of fouling buildup.

e. A backup motor for the air blower must be readiailable.

4.5.5.5 Other features that shall be provided

a. A sufficient number of access ports with a mimmdiameter of 24 inches to facilitate
inspection, media replacement, media cleaning aadtenance of the interior.

b. A method of cleaning the packing material when,i manganese, or calcium carbonate
fouling may occur.

c. Tower effluent collection and pumping wells doasted to clearwell standards.

d. Provisions for extending the tower height withoajor reconstruction.

e. An acceptable alternative supply must be aviaildbring periods of maintenance and
operation interruptions. No bypass shall be pravideless specifically approved by the

reviewing agency.

f. Disinfection application points both ahead oflaiter the tower to control biological growth.



g. Disinfection and adequate contact time aftemtater has passed through the tower and prior
to the distribution system.

h. Adequate packing support to allow free flow @fter and to prevent deformation with deep
packing heights.

i. Operation of the blower and disinfectant feeelgmipment during power failures.

J. Adequate foundation to support the tower andritsupport to prevent overturning due to
wind loading.

k. Fencing and locking gate to prevent vandalism.

I. An access ladder with safety cage for inspeabibthe aerator including the exhaust port and
de-mister.

m. Electrical interconnection between blower, desotant feeder and well pump.
4.5.5.6 Environmental factors

a. The applicant must contact the appropriateality office to determine if permits are
required under the Clean Air Act.

b. Noise control facilities should be provided ochAPsystems located in residential areas.
4.5.6 Other methods of aeration

Other methods of aeration may be used if applictbtae treatment needs. Such methods
include but are not restricted to spraying, difflia&, cascades and mechanical aeration. The
treatment processes must be designed to meettieufza needs of the water to be treated and
are subject to the approval of the reviewing autiror

4.5.7 Protection of aerators

All aerators except those discharging to lime svoftg or clarification plants shall be protected
from contamination by birds, insects, wind bornbrdg rainfall and water draining off the
exterior of the aerator.

4 5.8 Disinfection

Groundwater supplies exposed to the atmosphereragi@n must receive chlorination as the
minimum additional treatment.

4.5.9 Bypass



A bypass should be provided for all aeration uextsept those installed to comply with
maximum contaminant levels.

4.5.10 Corrosion control

The aggressiveness of the water after aerationdtheudetermined and corrected by additional
treatment, if necessary. (see Secdd).

4.5.11 Quality control

Equipment should be provided to test for DO, pHi smperature to determine proper
functioning of the aeration device. Equipment & ter iron, manganese, and carbon dioxide
should also be considered.

4.6 IRON AND MANGANESE CONTROL

Iron and manganese control, as used herein, redgb/ to treatment processes designed
specifically for this purpose. The treatment precesed will depend upon the character of the
raw water. The selection of one or more treatmentgsses must meet specific local conditions
as determined by engineering investigations, inolydhemical analyses of representative
samples of water to be treated, and receive thevaplof the reviewing authority. It may be
necessary to operate a pilot plant in order toegadh information pertinent to the design.
Consideration should be given to adjusting pH efrdawv water to optimize the chemical
reaction. Testing equipment and sampling taps $legirovided as outlined in Sections 2.8 and
2.10.

4.6.1 Removal by oxidation, detention and filtratio
4.6.1.1 Oxidation

Oxidation may be by aeration, as indicated in $acdi.5, or by chemical oxidation with
chlorine, potassium permanganate, ozone or chladlimade.

4.6.1.2 Detention

a. Reaction - A minimum detention time of 30 mirsusdall be provided following aeration to
insure that the oxidation reactions are as complefgossible. This minimum detention may be
omitted only where a pilot plant study indicatesne@d for detention. The detention basin may
be designed as a holding tank without provisiomskfadge collection but with sufficient baffling
to prevent short circuiting.

b. Sedimentation - Sedimentation basins shall beiged when treating water with high iron
and/or manganese content, or where chemical cdagula used to reduce the load on the
filters. Provisions for sludge removal shall be mad

4.6.1.3 Filtration



Filters shall be provided and shall conform to #ect.2.
4.6.2 Removal by the lime-soda softening process
See Sectiod 4.1

4.6.3 Removal by manganese coated media filtration

This process, consists of a continuous or batath ¢é@otassium permanganate to the influent of
a manganese coated media filter.

a. Provisions should be made to apply the permaatgas far ahead of the filter as practical and
to a point immediately before the filter.

b. Other oxidizing agents or processes such asicatamn or aeration may be used prior to the
permanganate feed to reduce the cost of the chemica

c. An anthracite media cap of at least six inchramare as required by the reviewing authority
shall be provided over manganese coated media.

d. Normal filtration rate is three gallons per ntmper square foot (7.2 m/hr).

e. Normal wash rate is 8 to 10 gallons per mingtesguare foot (20 - 24 m/hr) with manganese
greensand and 15 to 20 gallons per minute (37r/4h9) with manganese coated media.

f. Air washing should be provided.

g. Sample taps shall be provided

1. prior to application of permanganate,

2. immediately ahead of filtration,

3. at the filter effluent, and

4. should be provided at points between the anteragdia and the manganese coated media.
4.6.4 Removal by ion exchange

This process of iron and manganese removal shatldenused for water containing more than
0.3 milligrams per liter of iron, manganese or camhon thereof. This process is not acceptable

where either the raw water or wash water contassotled oxygen or other oxidants.

4.6.5 Biological removal



Biofiltration to remove manganese and/or iron reggion-site piloting to establish effectiveness.
The final filter design shall be based on the da-gilot plant studies and shall comply with all
applicable portions of sectigh2.7.

4.6.6 Sequestration by polyphosphates

This process shall not be used when iron, mangasres@anbination thereof exceeds 1.0 mg/L.
The total phosphate applied shall not exceed 1Q mgPPQ. Where phosphate treatment is
used, satisfactory chlorine residuals shall be taaiad in the distribution system. Possible
adverse affects on corrosion must be addressed plfesphate addition is proposed for iron
sequestering. Polyphosphate treatment may beflessive for sequestering manganese than for
iron.

a. Feeding equipment shall conform to the requiremef Part 5.

b. Stock phosphate solution must be kept coverddlainfected by carrying approximately 10
mg/L free chlorine residual unless the phosphat®isable to support bacterial growth and the
phosphate is being fed from the covered shippimgatoer. Phosphate solutions having a pH of
2.0 or less may also be exempted from this requrgry the reviewing authority.

c. Polyphosphates shall not be applied ahead nfanal manganese removal treatment. The
point of application shall be prior to any aeratioridation or disinfection if no iron or
manganese removal treatment is provided.

4.6.7 Sequestration by sodium silicates

Sodium silicate sequestration of iron and mangaiseappropriate only for groundwater
supplies prior to air contact. On-site pilot temts required to determine the suitability of sodium
silicate for the particular water and the minimwead needed. Rapid oxidation of the metal ions
such as by chlorine or chlorine dioxide must accamypor closely precede the sodium silicate
addition. Injection of sodium silicate more thansEgonds after oxidation may cause detectable
loss of chemical efficiency. Dilution of feed sabrts much below five per cent silica as $10
should also be avoided for the same reason. Soslligate treatment may be less effective for
sequestering manganese than for iron.

a. Sodium silicate addition is applicable to watarstaining up to 2 mg/I of iron, manganese or
combination thereof.

b. Chlorine residuals shall be maintained througtioe distribution system to prevent biological
breakdown of the sequestered iron.

c. The amount of silicate added shall be limite@@amg/l as SigQ but the amount of added and
naturally occurring silicate shall not exceed 601rag SiQ.

d. Feeding equipment shall conform to the requirgmef Part 5.



e. Sodium silicate shall not be applied aheadasf ar manganese removal treatment.
4.6.8 Sampling taps

Smooth-nosed sampling taps shall be provided fotrobpurposes. Taps shall be located on
each raw water source, each treatment unit inflaedteach treatment unit effluent.

4.6.9 Testing equipment shall be provided for Ehgs.

a. The equipment should have the capacity to atlynaeasure the iron content to a minimum
of 0.1 mg/L and the manganese content to a miniu@05 mg/L.

b. Where polyphosphate sequestration is practeggaropriate phosphate testing equipment shall
be provided.

4.7 FLUORIDATION

Sodium fluoride, sodium silicofluoride and fluorliac acid shall conform to the applicable
AWWA standards and ANSI/NSF Standard 60. Otherritieocompounds which may be
available must be approved by the reviewing autyori

4.7.1 Fluoride compound storage

Fluoride chemicals should be isolated from oth@ngicals to prevent contamination.
Compounds shall be stored in covered or unopenipgisly containers and should be stored
inside a building. Unsealed storage units for fasdicic acid should be vented to the
atmosphere at a point outside any building. Bager drums and steel drums should be stored
on pallets.

4.7.2 Chemical feed equipment and methods

In addition to the requirements Rart 5 fluoride feed equipment shall meet the following
requirements:

a. scales, loss-of-weight recorders or liquid lemdlcators, as appropriate, accurate to within
five percent of the average daily change in readhmgl be provided for chemical feeds,

b. feeders shall be accurate to within five percéminy desired feed rate,
c. fluoride compound shall not be added before {sméa softening or ion exchange softening,

d. the point of application of fluorosilicic acidljinto a horizontal pipe, shall be in the loweittha
of the pipe,



e. a fluoride solution shall be applied by a pesitilisplacement pump having a stroke rate not
less than 20 strokes per minute, and at a feedhatiess than 20 percent of the rated capacity of
the feed pump,

f. A spring opposed diaphragm type anti-siphon cegihall be provided for all fluoride feed
lines and dilution water lines,

g. except for constant flow systems, a device tasuee the flow of water to be treated is
required,

h. the dilution water pipe shall terminate at lga&t pipe diameters above the solution tank,

i. water used for sodium fluoride dissolution shedlsoftened if hardness exceeds 75 mg/l as
calcium carbonate,

J. fluoride solutions shall be injected at a pahtontinuous positive pressure or a suitable air
gap provided,

k. the electrical outlet used for the fluoride fgmanmp should have a nonstandard receptacle and
shall be interconnected with the well or servicenpuy

|. saturators should be of the upflow type and towiped with a meter and backflow protection
on the makeup water line,

m. consideration shall be given to providing a safgaroom for fluorosilicic acid storage and
feed.

4.7.3 Secondary controls

Secondary control systems for fluoride chemicatlifdevices shall be provided as a means of
reducing the possibility for overfeed; these magjude flow or pressure switches or other
devices.

4.7.4 Protective equipment

Personal protective equipment as outlined in Se&i8.4shall be provided for operators
handling fluoride compounds. Deluge showers andsagh devices shall be provided at all
fluorosilicic acid installations.

4.7.5 Dust control

a. Provision must be made for the transfer of trgride compounds from shipping containers to
storage bins or hoppers in such a way as to mieitthie quantity of fluoride dust which may
enter the room in which the equipment is installdee enclosure shall be provided with an
exhaust fan and dust filter which place the hoppeler a negative pressure. Air exhausted from



fluoride handling equipment shall discharge throagtust filter to the outside atmosphere of the
building.

b. Provision shall be made for disposing of emg@gs) drums or barrels in a manner which will
minimize exposure to fluoride dusts. A floor dralmould be provided to facilitate the hosing of
floors.

4.7.6 Testing equipment

Equipment shall be provided for measuring the gtyaot fluoride in the water. Such equipment
shall be subject to the approval of the reviewiatharity.

4.8 STABILIZATION

Water that is unstable due either to natural caosés subsequent treatment shall be stabilized.
The expected treated water quality shall be evatled determine what, if any, treatment is
necessary.

4.8.1 Carbon dioxide addition

a. Recarbonation basin design should provide

1. a total detention time of twenty minutes,

2. two compartments, with a depth that will provaldiffuser submergence of not less than 7.5
feet nor greater submergence than recommendecebyadhufacturer as follows:

a. a mixing compartment having a detention timatdéast three minutes,
b. a reaction compartment.
b. The practice of on-site generation of carborxid® is discouraged.

c. Where liquid carbon dioxide is used, adequatequrtions must be taken to prevent carbon
dioxide from entering the plant from the recarbamaprocess.

d. Recarbonation tanks shall be located outside@ealed and vented to the outside with
adequate seals and adequate purge flow of airsiarenvorkers safety.

e. Provisions shall be made for draining the remaakion basin and removing sludge.
4.8.2 Acid addition

a. Feed equipment shall conformRart 5



b. Adequate precautions shall be taken for opesatfaty, such as not adding water to the
concentrated acid. (See SectiGdand5.4).

4.8.3 Phosphates

The feeding of phosphates may be applicable fauesstqring calcium, for corrosion control, and
in conjunction with alkali feed following ion exchge softening.

a. Feed equipment shall conformRart 5

b. Stock phosphate solution must be kept coverddlainfected by carrying approximately 10
mg/L free chlorine residual unless the phosphat®isable to support bacterial growth and the
phosphate is being fed from the covered shippimgatoer. Phosphate solutions having a pH of
2.0 or less may also be exempted from this requargry the reviewing authority.

c. Satisfactory chlorine residuals shall be mangdiin the distribution system when phosphates
are used.

4.8.4 "Split treatment”

Under some conditions, a lime-softening water tresit plant can be designed using "split
treatment” in which raw water is blended with lis@&ftened water to partially stabilize the water
prior to secondary clarification and filtration.eBtment plants designed to utilize "split
treatment” should also contain facilities for fugtistabilization by other methods.

4.8.5 Alkali feed

Water with low alkalinity or pH should be treatediwan alkali chemical.

4.8.6 Carbon dioxide reduction by aeration

The carbon dioxide content of an aggressive water Ine reduced by aeration. Aeration devices
shall conform to Section 4.5.

4.8.7 Other treatment

Other treatment for controlling corrosive watersthwy use of calcium hydroxide, sodium silicate
and sodium bicarbonate may be used where necegsaryroprietary compound must receive
the specific approval of the reviewing authoritydre use. Chemical feeders shall be as required
in Part 5

4.8.8 Water unstable due to biochemical action inistribution system

Unstable water resulting from the bacterial decositpmn of organic matter in water (especially
in dead end mains), the biochemical action withimetcles, and the reduction of sulfates to



sulfides should be prevented by the maintenaneefigfe and/or combined chlorine residual
throughout the distribution system.

4.8.9 Control

Laboratory equipment shall be provided for detemngrihe effectiveness of stabilization
treatment.

4.9 TASTE AND ODOR CONTROL

Provision shall be made for the control of taste ador at all surface water treatment plants.
Chemicals shall be added sufficiently ahead of raifeatment processes to assure adequate
contact time for an effective and economical usthefchemicals. Where severe taste and odor
problems are encountered, in-plant and/or pilotfpsaudies are required.

4.9.1 Flexibility

Plants treating water that is known to have tasteaor problems should be provided with
equipment that makes several of the control pr@seagailable so that the operator will have
flexibility in operation.

4.9.2 Chlorination

Chlorination can be used for the removal of sonmjeationable odors. Adequate contact time
must be provided to complete the chemical reaciiovaved. Excessive potential
trihalomethane production through this process kshioe avoided by adequate bench-scale
testing prior to design.

4.9.3 Chlorine dioxide

Chlorine dioxide has been generally recognizedtasatment for tastes caused by industrial
wastes, such as phenols. However, chlorine diosétebe used in the treatment of any taste and
odor that is treatable by an oxidizing compoun@vidions shall be made for proper storing and
handling of the sodium chlorite, so as to elimiretg danger of explosion. (See Sectofh.3)

4.9.4 Powdered activated carbon

a. Powdered activated carbon should be added lgsasgrossible in the treatment process to
provide maximum contact time. Flexibility to alldtve addition of carbon at several points is
preferred. Activated carbon should not be appliegrthe point of chlorine or other oxidant
application.

b. The carbon can be added as a pre-mixed sluisy oreans of a dry-feed machine as long as
the carbon is properly wetted.



c. Continuous agitation or resuspension equipngenécessary to keep the carbon from
depositing in the slurry storage tank.

d. Provision shall be made for adequate dust cbntro

e. The required rate of feed of carbon in a waitatiment plant depends upon the tastes and/or
odors involved, but provision should be made fatiad from 0.1 milligrams per liter to at least
40 milligrams per liter.

f. Powdered activated carbon shall be handledpdentially combustible material. It should be
stored in a building or compartment as nearly fioep as possible. Other chemicals should not
be stored in the same compartment. A separate shonld be provided for carbon feed
installations. Carbon feeder rooms should be equippith explosion-proof electrical outlets,
lights and motors.

4.9.5 Granular activated carbon

Replacement of anthracite with GAC may be consalesea control measure for geosmin and
methyl isoborneol (MIB) taste and odors from algmms. Demonstration studies may be
required by the reviewing authority.

See Sectiod.2.1.6for application within filters.

4.9.6 Copper sulfate and other copper compounds

Continuous or periodic treatment of water with cepgompounds to kill algae or other growths
shall be controlled to prevent copper in excesk@imilligrams per liter as copper in the plant
effluent or distribution system. Care shall be tat@assure an even distribution of the chemical
within the treatment area. Necessary approval ampgonits shall be obtained prior to
application, if required. Consult the responsib&g&atory Agencies (e.g., Fish and Wildlife
agencies or Department of Natural Resources) befaieng applications to public waters.
4.9.7 Aeration

See Sectiod.5.

4.9.8 Potassium permanganate

Application of potassium permanganate may be censt providing the treatment shall be
designed so that the products of the reaction airgisible in the finished water.

4.9.9 Ozone
Ozonation can be used as a means of taste and¢aalool. Adequate contact time must be

provided to complete the chemical reactions invdl@zone is generally more desirable for
treating water with high threshold odors. (See iSaet.3.7)



4.9.10 Other methods

The decision to use any other methods of tasteododcontrol should be made only after
careful laboratory and/or pilot plant tests andconsultation with the reviewing authority.

4.10 MICROSCREENING

A microscreen is a mechanical supplement of treatrc@pable of removing suspended matter
from the water by straining. It may be used to pedauisance organisms and organic loadings. It
shall not be used in place of

a. filtration, when filtration is necessary to piae a satisfactory water, or

b. coagulation, in the preparation of water fardilion.

4.10.1 Design

a. shall give due consideration to

1. nature of the suspended matter to be removed,

2. corrosiveness of the water,

3. effect of chlorination, when required as prextneent,

4. duplication of units for continuous operationidg equipment maintenance,

5. automated backflushing operation when used mjucation with microfiltration treatment.

b. shall provide

1. a durable, corrosion-resistant screen,

2. by-pass arrangements,

3. protection against back-siphonage when potabtenis used for washing,

4. proper disposal of wash waters. (Seet 9

CHEMICAL APPLICATION
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5.0 GENERAL

No chemicals shall be applied to treat drinkingessunless specifically permitted by the
reviewing authority.

5.0.1 Plans and specifications

Plans and specifications shall be submitted foies@\and approval, as provided for in Part 2,
and shall include

a. descriptions of feed equipment, including maximand minimum feed ranges,
b. location of feeders, piping layout and pointapplication,

c. storage and handling facilities,

d. specifications for chemicals to be used,

e. operating and control procedures including psedapplication rates, and

f. descriptions of testing equipment and procedures

5.0.2 Chemical application

Chemicals shall be applied to the water at suchtp@nd by such means as to
a. assure maximum efficiency of treatment,

b. assure maximum safety to consumer,

c. provide maximum safety to operators,

d. assure satisfactory mixing of the chemicals whthwater,

e. provide maximum flexibility of operation throughrious points of application, when
appropriate, and

f. prevent backflow or back-siphonage between mlatpoints of feed through common
manifolds.

5.0.3 General equipment design

General equipment design shall be such that



a. feeders will be able to supply, at all timeg, tlecessary amounts of chemicals at an accurate
rate, throughout the range of feed,

b. chemical-contact materials and surfaces arsteggito the agressiveness of the chemical
solution,

c. corrosive chemicals are introduced in such anaaas to minimize potential for corrosion,

d. chemicals that are incompatible are not stordthadled together,

e. all chemicals are conducted from the feedeneqbint of application in separate conduits,

f. chemical feeders are as near as practical téetttepoint,

g. chemical feeders and pumps shall operate aswerlthan 20 per cent of the feed range unless
two fully independent adjustment mechanisms sugbuasp pulse rate and stroke length are
fitted when the pump shall operate at no lower th@percent of the rated maximum, and

h. chemicals may be fed by gravity where practical.

5.1 FACILITY DESIGN

5.1.1 Number of feeders

a. Where chemical feed is necessary for the pioteof the supply, such as chlorination,
coagulation or other essential processes,

1. a minimum of two feeders shall be provided, and

2. the standby unit or a combination of units dfisient capacity should be available to replace
the largest unit during shut-downs;

3. where a booster pump is required, duplicatepegent should be provided and, when
necessary, standby power.

b. A separate feeder shall be used for each cheappéed.

c. Spare parts shall be available for all feedergplace parts which are subject to wear and
damage.

5.1.2 Control

a. Feeders may be manually or automatically cdettpivith automatic controls being designed
so as to allow override by manual controls.



b. At automatically operated facilities, chemicaéders shall be electrically interconnected with
the well or service pump and should be providedrastandard electrical receptacle.

c. Chemical feed rates shall be proportional taflo

d. A means to measure water flow must be providemtder to determine chemical feed rates.
e. Provisions shall be made for measuring the duesbf chemicals used.

f. Weighing scales

1. shall be provided for weighing cylinders at@#nts utilizing chlorine gas,

2. may be required for fluoride solution feed,

3. should be provided for volumetric dry chemie®ders, and

4. shall be capable of providing reasonable pregisi relation to average daily dose.

g. Where conditions warrant, for example with répftuctuating intake turbidity, coagulant and
coagulant aid addition may be made according tadity, streaming current or other sensed
parameter.

5.1.3 Dry chemical feeders

Dry chemical feeders shall

a. measure chemicals volumetrically or gravimeligca

b. provide adequate solution water and agitatiaih@fchemical in the solution pot, and

c. completely enclose chemicals to prevent emissialust to the operating room.

5.1.4 Positive displacement solution pumps

Positive displacement type solution feed pumps lshio& used to feed liquid chemicals, but
shall not be used to feed chemical slurries. Pumyst be capable of operating at the required
maximum rate against the maximum head conditionsdat the point of injection.

5.1.5 Liquid chemical feeders - siphon control

Liquid chemical feeders shall be such that chensohltions cannot be siphoned or overfed into
the water supply, by

a. assuring discharge at a point of positive pressu



b. providing vacuum relief, or

c. providing a suitable air gap, or

d. providing other suitable means or combinati®aecessary.
5.1.6 Cross-connection control

Cross-connection control must be provided to asthaie

a. the service water lines discharging to solutanks shall be properly protected from backflow
as required by the reviewing authority,

b. liquid chemical solutions cannot be siphonedulh solution feeders into the water supply as
required in Sectiob.1.5 and

c. no direct connection exists between any sewaairain or overflow from the feeder,
solution chamber or tank by providing that all dsaterminate at least six inches or two pipe
diameters, whichever is greater, above the overflowof a receiving sump, conduit or waste
receptacle.

5.1.7 Chemical feed equipment location

Chemical feed equipment

a. shall be readily accessible for servicing, ref@aid observation of operation, and

b. should be located in a separate room wherenestjto reduce hazards and dust problems, and
c. should be conveniently located near points pfiagtion to minimize length of feed lines.
5.1.8 In-plant water supply

In-plant water supply shall be:

a. ample in quantity and adequate in pressure,

b. provided with means for measurement when pregagpecific solution concentrations by
dilution,

c. properly treated for hardness, when necessary,
d. properly protected against backflow, and

e. obtained from a location sufficiently downstreahany chemical feed point to assure
adequate mixing.



5.1.9 Storage of chemicals

a. Space should be provided for

1. at least 30 days of chemical supply,

2. convenient and efficient handling of chemicals,

3. dry storage conditions, and

4. a minimum storage volume of 1 ¥ truck loads whmrrchase is by truck load lots.

b. Storage tanks and pipelines for liquid chemisllsll be specified for use with individual
chemicals and not used for different chemicalsld@ffing areas must be clearly labeled to

prevent accidental cross-contamination.

c. Chemicals shall be stored in covered or unopshgibing containers, unless the chemical is
transferred into an approved storage unit.

d. Liquid chemical storage tanks must

1. have a liquid level indicator, and

2. have an overflow and a receiving basin capabiteagiving accidental spills or overflows
without uncontrolled discharge; a common receivagin may be provided for each group of
compatible chemicals, that provides sufficient eamhent volume to prevent accidental
discharge in the event of failure of the largeskta

5.1.10 Solution tanks

a. A means which is consistent with the naturénefdhemical solution shall be provided in a
solution tank to maintain a uniform strength ofugimn. Continuous agitation shall be provided

to maintain slurries in suspension.

b. Two solution tanks of adequate volume may beired for a chemical to assure continuity of
supply while servicing a solution tank.

c. Means shall be provided to measure the liqudllm the tank.

d. Chemical solutions shall be kept covered. Laagé&s with access openings shall have such
openings curbed and fitted with overhanging covers.

e. Subsurface locations for solution tanks shall

1. be free from sources of possible contaminatod,



2. assure positive drainage for ground waters,rmotted water, chemical spills and overflows.
f. Overflow pipes, when provided, should

1. be turned downward, with the end screened,

2. have a free fall discharge, and

3. be located where noticeable.

g. Acid storage tanks must be vented to the outis®@sphere, but not through vents in
common with day tanks.

h. Each tank shall be provided with a valved drpmfected against backflow in accordance
with Sections.1.5and5.1.6

i. Solution tanks shall be located and protectivdmgs provided so that chemicals from
equipment failure, spillage or accidental drainsigall not enter the water in conduits, treatment
or storage basins.

5.1.11 Day tanks

a. Day tanks shall be provided where bulk storddigwid chemical is provided.

b. Day tanks shall meet all the requirements ofiGe&.1.10

c. Day tanks should hold no more than a 30 houplsup

d. Day tanks shall be scale-mounted, or have hbreédid gauge painted or mounted on the side if
liquid level can be observed in a gauge tube autin translucent sidewalls of the tank. In
opaque tanks, a gauge rod extending above a retepaint at the top of the tank, attached to a
float may be used. The ratio of the area of thk tants height must be such that unit readings
are meaningful in relation to the total amountleémical fed during a day.

e. Hand pumps may be provided for transfer frorar@@y or drum. A tip rack may be used to
permit withdrawal into a bucket from a spigot. Wéenotor-driven transfer pumps are provided,
a liquid level limit switch and an over-flow frorhé day tank, must be provided.

f. A means which is consistent with the naturehef themical solution shall be provided to
maintain uniform strength of solution in a day ta@lntinuous agitation shall be provided to
maintain chemical slurries in suspension.

g. Tanks and tank refilling line entry points shal clearly labeled with the name of the
chemical contained.

5.1.12 Feed lines



a. should be as short as possible, and

1. of durable, corrosion-resistant material,

2. easily accessible throughout the entire length,

3. protected against freezing, and

4. readily cleanable;

b. should slope upward from the chemical sourdbédeeder when conveying gases;

c. shall be designed consistent with scale-fornoingolids depositing properties of the water,
chemical, solution or mixtures conveyed; and

d. should be color coded.
5.1.13 Handling

a. Carts, elevators and other appropriate mearisoghprovided for lifting chemical containers
to minimize excessive lifting by operators.

b. Provisions shall be made for disposing of enlyatys, drums or barrels by an approved
procedure which will minimize exposure to dusts.

c. Provision must be made for the proper trandfeirypchemicals from shipping containers to
storage bins or hoppers, in such a way as to maaitthie quantity of dust which may enter the
room in which the equipment is installed. Contiubsld be provided by use of

1. vacuum pneumatic equipment or closed conveysenys,

2. facilities for emptying shipping containers pesial enclosures, and/or

3. exhaust fans and dust filters which put the lkeoppr bins under negative pressure.

d. Provision shall be made for measuring quantafeshemicals used to prepare feed solutions.
5.1.14 Housing

a. Floor surfaces shall be smooth and impervidipspsoof and well drained.

b. Vents from feeders, storage facilities and emqeipt exhaust shall discharge to the outside
atmosphere above grade and remote from air intakes.

5.2 CHEMICALS



5.2.1 Shipping containers

Chemical shipping containers shall be fully label@éhclude
a. chemical name, purity and concentration, and

b. supplier name and address.

5.2.2 Specifications

Chemicals shall be approved by the reviewing aitshor meet the appropriate ANSI/AWWA
standards and/or ANSI/NSF Standard 60.

5.2.3 Assay

Provisions may be required for assay of chemicalisered.

5.3 OPERATOR SAFETY

5.3.1 Ventilation

Special provisions shall be made for ventilatiorlibrine feed and storage rooms.

5.3.2 Respiratory protection equipment

Respiratory protection equipment, meeting the megoents of the National Institute for
Occupational Safety and Health (NIOSH) shall belalkike where chlorine gas is handled, and
shall be stored at a convenient heated locatiadmdtiinside any room where chlorine is used or
stored. The units shall use compressed air, haleastta 30 minute capacity, and be compatible
with or exactly the same as units used by thedi@eartment responsible for the plant.

5.3.3 Chlorine leak detection

A bottle of concentrated ammonium hydroxide (56 get ammonia solution) shall be available
for chlorine leak detection; where ton containeeswsed, a leak repair kit approved by the
Chlorine Institute shall be provided. Continuoubbdhe leak detection equipment is

recommended. Where a leak detector is providdubit be equipped with both an audible alarm
and a warning light.

5.3.4 Protective equipment

a. At least one pair of rubber gloves, a dust rasmi of a type certified by NIOSH for toxic
dusts, an apron or other protective clothing argijtgs or face mask shall be provided for each
operator as required by the reviewing authoritglefuge shower and eyewashing device should
be installed where strong acids and alkalis ard osatored.



b. A water holding tank that will allow water toroe to room temperature must be installed in
the water line feeding the deluge shower and eyewgslevice. Other methods of water
tempering will be considered on an individual basis

c. Other protective equipment should be providedezessary.

5.4 SPECIFIC CHEMICALS

5.4.1 Chlorine gas

a. Chlorine gas feed and storage shall be enclsgédeparated from other operating areas. The
chlorine room shall be

1. provided with a shatter resistant inspectiondeim installed in an interior wall,

2. constructed in such a manner that all openiegysden the chlorine room and the remainder
of the plant are sealed, and

3. provided with doors equipped with panic hardwassuring ready means of exit and opening
outward only to the building exterior.

b. Full and empty cylinders of chlorine gas shcagd

1. isolated from operating areas,

2. restrained in position to prevent upset,

3. stored in rooms separate from ammonia storagk, a

4. stored in areas not in direct sunlight or exgddseexcessive heat.

c. Where chlorine gas is used, the room shall bstoacted to provide the following:

1. each room shall have a ventilating fan with pacity which provides one complete air change
per minute when the room is occupied; where thiotsappropriate due to the size of the room a
lesser rate may be considered,

2. the ventilating fan shall take suction nearftber as far as practical from the door and air
inlet, with the point of discharge so located astoa@ontaminate air inlets to any rooms or
structures,

3. air inlets should be through louvers near thingg

4. louvers for chlorine room air intake and exhaltll facilitate airtight closure,



5. separate switches for the fan and lights skalbbated outside of the chlorine room and at the
inspection window. Outside switches shall be prtetgérom vandalism. A signal light indicating
fan operation shall be provided at each entrancawtiie fan can be controlled from more than
one point,

6. vents from feeders and storage shall dischargfeetoutside atmosphere, above grade,

7. the room location should be on the prevailingalind side of the building away from
entrances, windows, louvers, walkways, etc.,

8. floor drains are discouraged. Where provided flior drains shall discharge to the outside of
the building and shall not be connected to othiarimal or external drainage systems.

9. where deemed necessary by the reviewing aughpridvision shall be made to chemically
neutralize chlorine gas before discharge from theemtreatment plant building into the
environment. Such equipment shall be designed a®ptie chlorine gas storage and feed areas
to automatically engage in the event of any measciérine release. The equipment shall be
sized to treat the entire contents of the largiesage container on site.

d. Chlorinator rooms should be heated t&F6@nd be protected from excessive heat. Cylinders
and gas lines should be protected from temperaalrege that of the feed equipment.

e. Pressurized chlorine feed lines shall not celntgrine gas beyond the chlorinator room.
5.4.2 Acids and caustics

a. Acids and caustics shall be kept in closed sweresistant shipping containers or storage
units.

b. Acids and caustics shall not be handled in og=sels, but should be pumped in undiluted
form from original containers through suitable hdsethe point of treatment or to a covered day
tank.

5.4.3 Sodium chlorite for chlorine dioxide generatin

Proposals for the storage and use of sodium célorist be approved by the reviewing authority
prior to the preparation of final plans and speaifions. Provisions shall be made for proper
storage and handling of sodium chlorite to eliménany danger of fire or explosion associated
with its powerful oxidizing nature.

a. Storage

1. Chlorite (sodium chlorite) shall be stored Iselt in a separate room and preferably shall be
stored in an outside building detached from theewaeatment facility. It must be stored away
from organic materials because many materialsoatith fire and burn violently when in contact
with chlorite.



2. The storage structures shall be constructedidéambustible materials.

3. If the storage structure must be located inrea where a fire may occur, water must be
available to keep the sodium chlorite area coolighdo prevent heat induced explosive
decomposition of the chlorite.

b. Handling

1. Care should be taken to prevent spillage.

2. An emergency plan of operation should be avkl&dr the clean up of any spillage.

3. Storage drums must be thoroughly flushed pdaetycling or disposal.

c. Feeders

1. Positive displacement feeders shall be provided.

2. Tubing for conveying sodium chlorite or chloridiexide solutions shall be Type 1 PVC,
polyethylene or materials recommended by the matwfar.

3. Chemical feeders may be installed in chlorir@ms if sufficient space is provided or facilities
meeting the requirements of subsectoh 1shall be provided.

4. Feed lines shall be installed in a manner tegareformation of gas pockets and shall
terminate at a point of positive pressure.

5. Check valves shall be provided to prevent trekib@v of chlorine into the sodium chlorite
line.

5.4.4 Sodium hypochlorite

Sodium hypochlorite storage and handling procedsinesild be arranged to minimize the slow
natural decomposition process either by contanunair by exposure to more extreme storage
conditions. In addition, feed rates should be ragyladjusted to compensate for this progressive
loss in chlorine content.

a. Storage

1. Sodium hypochlorite shall be stored in the oddjshipping containers or in sodium
hypochlorite compatible containers.

2. Storage containers or tanks shall be sited fotlteosunlight in a cool area and shall be vented
to the outside of the building.



3. Wherever reasonably feasible, stored hypoclkelshiall be pumped undiluted to the point of
addition. Where dilution is unavoidable, deionizedoftened water should be used.

4. Storage areas, tanks, and pipe work shall bgries to avoid the possibility of uncontrolled
discharges and a sufficient amount of appropriagelgcted spill absorbent shall be stored on-
site.

5. Reusable hypochlorite storage containers skeaiéberved for use with hypochlorite only and
shall not be rinsed out or otherwise exposed &rmat contamination.

b. Feeders

1. Positive displacement pumps with hypochloritspatible materials for wetted surfaces shall
be used.

2. To avoid air locking in smaller installations)a&l diameter suction lines shall be used with
foot valves and degassing pump heads.

3. In larger installations flooded suction shallused with pipe work arranged to ease escape of
gas bubbles.

4. Calibration tubes or mass flow monitors whidowalfor direct physical checking of actual
feed rates shall be fitted.

5. Injectors shall be made removable for regulearing where hard water is to be treated.
5.4.5 Ammonia

Ammonia for chloramine formation may be added ttewaither as a water solution of
ammonium sulfate, or as aqua ammonia (ammoniangaater solution), or as anhydrous
ammonia (purified 100% ammonia in liquid or gasefmum). Special provisions required for
each form of ammonia are listed below.

5.4.5.1 Ammonium sulfate

A water solution is made by addition of ammoniurtiagda solid to water with agitation. The

tank and dosing equipment contact surfaces shautddde of corrosion resistant non- metallic
materials. Provision should be made for removdhefagitator after dissolving the solid. The
tank should be fitted with a lid and vented outdodmjection of the solution should tank place in
the center of treated water flow at a location \efteere is high velocity movement.

5.4.5.2 Aqua ammonia (ammonium hydroxide)

Aqua ammonia feed pumps and storage shall be extchosd separated from other operating
areas. The aqua ammonia room shall be equippedSections.4.1with the following changes:



a. A corrosion resistant, closed, unpressurizeki $aall be used for bulk storage, vented through
an inert liquid trap to a high point outside andrasompatible connector or lockout provisions
shall be made to prevent accidental addition ofothemicals to the storage tank.

b. The storage tank shall be fitted either withlicagrefrigeration and/or with provision without
opening the system to dilute and mix the conteritis water to avoid conditions where
temperature increases cause the ammonia vapoupgesser the aqua ammonia to exceed
atmospheric pressure.

c. An exhaust fan shall be installed to withdranfl@m high points in the room and makeup air
shall be allowed to enter at a low point.

d. The aqua ammonia feed pump, regulators, and fihall be fitted with pressure relief vents
discharging outside the building away from anyiriake and with water purge lines leading
back to the headspace of the bulk storage tank.

e. The aqua ammonia shall be conveyed direct ftorage to the treated water stream injector
without the use of a carrier water stream unless#irier stream is softened.

f. The point of delivery to the main water streamowd be placed in a region of rapid, preferably
turbulent, water flow.

g. Provisions should be made for easy access fimoval of calcium scale deposits from the
injector.

h. Provision of a modestly-sized scrubber capableandling occasional minor emissions should
be considered.

5.4.5.3 Anhydrous ammonia
Anhydrous ammonia is readily available as a puyedfied gas under moderate pressure in
cylinders or as a cryogenic liquid boiling at -18l€lus at atmospheric pressure. The liquid

causes severe burns on skin contact.

a. Anhydrous ammonia and storage feed systemsidiimg) heaters where required) shall be
enclosed and separated from other works areasastigcted of corrosion resistant materials.

b. Pressurized ammonia feed lines should be resdrto the ammonia room.

c. An emergency air exhaust system, as in Seétibdc but with an elevated intake, shall be
provided in the ammonia storage room.

d. Leak detection systems shall be fitted in abarthrough which ammonia is piped.

e. Special vacuum breaker/regulator provisions reshade to avoid potentially violent results
of backflow of water into cylinders or storage tank



f. Carrier water systems of soft or pre-softenetewmay be used to transport ammonia to the
finished water stream and to assist in mixing.

g. The ammonia injector should use a vacuum edwactshould consist of a perforated tube
fitted with a closely fitting flexible rubber tubgnseal punctured with a number of small slits to
delay fouling by lime deposits.

h. Provision should be made for the periodic rerhof’acale/lime deposits from injectors and
carrier piping.

i. Consideration shall be given to the provisioranfemergency gas scrubber capable of
absorbing the entire contents of the largest amanstorage unit whenever there is a risk to the
public as a result of potential ammonia leaks.
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6.0 GENERAL

Pumping facilities shall be designed to maintamdhnitary quality of pumped water.
Subsurface pits or pump rooms and inaccessiblaliasbns should be avoided. No pumping
station shall be subject to flooding.

6.1 LOCATION

The pumping station shall be so located that tbpgsed site will meet the requirements for
sanitary protection of water quality, hydraulicstloé system and protection against interruption
of service by fire, flood or any other hazard.

6.1.1 Site protection

The station shall be

a. elevated to a minimum of three feet above tieyHEar flood elevation, or three feet above the
highest recorded flood elevation, whichever is biglor protected to such elevations,



b. readily accessible at all times unless permitbeoe out of service for the period of
inaccessibility,

c. graded around the station so as to lead sudi@eage away from the station,

d. protected to prevent vandalism and entrancenbigads or unauthorized persons.
6.2 PUMPING STATIONS

Both raw and finished water pumping stations shall

a. have adequate space for the installation otiaddi units if needed, and for the safe servicing
of all equipment,

b. be of durable construction, fire and weatheistast and with outward-opening doors,
c. have floor elevation of at least six inches abfinished grade,
d. have underground structure waterproofed,

e. have all floors drained in such a manner thagunality of the potable water will not be
endangered. All floors shall slope to a suitabkdrdr

f. provide a suitable outlet for drainage from pughgnds without discharging onto the floor.
6.2.1 Suction well

Suction wells shall

a. be watertight,

b. have floors sloped to permit removal of watet aettled solids,

c. be covered or otherwise protected against candion,

d. have two pumping compartments or other meaa#idw the suction well to be taken out of
service for inspection maintenance or repair.

6.2.2 Equipment servicing
Pump stations shall be provided with

a. crane-ways, hoist beams, eyebolts, or otheruadedacilities for servicing or removal of
pumps, motors or other heavy equipment,

b. openings in floors, roofs or wherever else nddderemoval of heavy or bulky equipment,



c. a convenient tool board, or other facilitiesxaeded, for proper maintenance of the equipment.
6.2.3 Stairways and ladders

Stairways or ladders shall

a. be provided between all floors, and in pits@npartments which must be entered,

b. have handrails on both sides, and treads ofstipmmaterial. Stairs are preferred in areas
where there is frequent traffic or where suppliesteansported by hand. They shall have risers
not exceeding nine inches and treads wide enougtafety.

6.2.4 Heating

Provisions shall be made for adequate heating for

a. the comfort of the operator,

b. the safe and efficient operation of the equiptmen

In pump houses not occupied by personnel, only ginbeat need be provided to prevent
freezing of equipment or treatment process.

6.2.5 Ventilation

Ventilation shall conform to existing local and&tate codes. Adequate ventilation shall be
provided for all pumping stations for operator corhfand dissipation of excess heat from the
equipment. Forced ventilation of at least six clengf air per hour shall be provided for

a. all confined rooms, compartments, pits and othetosures below ground floor,

b. any area where unsafe atmosphere may developaye excessive heat may be built up.

6.2.6 Dehumidification

In areas where excess moisture could cause hamesdfety or damage to equipment, means for
dehumidification should be provided.

6.2.7 Lighting

Pump stations shall be adequately lighted throughfdlelectrical work shall conform to the
requirements of the National Electrical Code orelevant state and/or local codes.

6.2.8 Sanitary and other conveniences



All pumping stations that are manned for extendeabpls should be provided with potable
water, lavatory and toilet facilities. Plumbing mbe so installed as to prevent contamination of
a public water supply. Wastes shall be dischargextcordance witRart 9

6.3 PUMPS

At least two pumping units shall be provided. Wathy pump out of service, the remaining pump
or pumps shall be capable of providing the maxinpumping demand of the system. The
pumping units shall

a. have ample capacity to supply the peak demaaidstghe required distribution system
pressure without dangerous overloading,

b. be driven by prime movers able to meet the marirhorsepower condition of the pumps,
c. be provided with readily available spare pantd @ols,

d. be served by control equipment that has propaten and overload protection for air
temperature encountered.

6.3.1 Suction lift

Suction lift shall

a. be avoided, if possible,

b. be within allowable limits, preferably less thHnfeet.

If suction lift is necessary, provision shall bededor priming the pumps.

6.3.2 Priming

Prime water must not be of lesser sanitary qudiiéy that of the water being pumped. Means
shall be provided to prevent either backpressutsoksiphonage backflow. When an air-
operated ejector is used, the screened intake ditaall clean air from a point at least 10 feet
above the ground or other source of possible canttian, unless the air is filtered by an
apparatus approved by the reviewing authority. \datpriming may be used.

6.4 BOOSTER PUMPS

Booster pumps shall be located or controlled sb tha

a. they will not produce negative pressure in thaation lines,



b. pumps installed in the distribution system shadintain inlet pressure as required in Section
8.2.1under all operating conditions. Pumps taking sucfrom storage tanks shall be provided
adequate net positive suction head,

c. automatic shutoff or low pressure controllerlisimaintain at least 20 psi (140 kPa) in the
suction line under all operating conditions, unlegerwise acceptable to the reviewing
authority. Pumps taking suction from ground stortagéks shall be equipped with automatic
shutoffs or low pressure controllers as recommeifyetie pump manufacturer,

d. automatic or remote control devices shall hakenge between the start and cutoff pressure
which will prevent excessive cycling,

e. a bypass is available.
6.4.1 Duplicate pumps

Each booster pumping station shall contain nottless two pumps with capacities such that
peak demand can be satisfied with the largest pouhpf service.

6.4.2 Metering
All booster pumping stations shall be fitted witlaw rate indicating and totalizer meter.
6.4.3 Inline booster pumps

In addition to the other requirements of this settinline booster pumps shall be accessible for
servicing and repairs.

6.4.4 Individual residential booster pumps

Private booster pumps shall not be allowed foriadividual residential service from the public
water supply main.

6.5 AUTOMATIC AND REMOTE CONTROLLED STATIONS

All automatic stations should be provided with an#bic signaling apparatus which will report
when the station is out of service. All remote colted stations shall be electrically operated and
controlled and shall have signaling apparatus ov@m performance. Installation of electrical

equipment shall conform with the applicable staie lacal electrical codes and the National
Electrical Code.

6.6 APPURTENANCES

6.6.1 Valves



Pumps shall be adequately valved to permit sat@fpoperation, maintenance and repair of the
equipment. If foot valves are necessary, they $teleé a net valve area of at least 2 %2 times the
area of the suction pipe and they shall be scredrmth pump shall have a positive-acting check
valve on the discharge side between the pump anghiht-off valve.

Surge relief valves or slow acting check valvedisiedesigned to minimize hydraulic
transients.

6.6.2 Piping

In general, piping shall

a. be designed so that the friction losses wilib@mized,
b. not be subject to contamination,

c. have watertight joints,

d. be protected against surge or water hammer @vided with suitable restraints where
necessary,

e. be such that each pump has an individual suttieror that the lines shall be so manifolded
that they will insure similar hydraulic and opengticonditions.

6.6.3 Gauges and meters

Each pump

a. shall have a standard pressure gauge on itsadge line,

b. shall have a compound gauge on its suction line,

c. shall have recording gauges in the larger statio

d. should have a means for measuring the discharge.

The station shall have indicating, totalizing, aadording metering of the total water pumped.
6.6.4 Water seals

Water seals shall not be supplied with water @fssér sanitary quality than that of the water
being pumped. Where pumps are sealed with potadiervand are pumping water of lesser

sanitary quality, the seal shall

a. be provided with either an approved reducedspresprinciple backflow preventer or a break
tank open to atmospheric pressure,



b. where a break tank is provided, have an airojap least six inches or two pipe diameters,
whichever is greater, between the feeder line hadlbod rim of the tank.

6.6.5 Controls

Pumps, their prime movers and accessories, shabieolled in such a manner that they will
operate at rated capacity without dangerous overldénere two or more pumps are installed,
provision shall be made for alternation. Provissball be made to prevent energizing the motor
in the event of a backspin cycle. Electrical colstghall be located above grade. Equipment
shall be provided or other arrangements made teeptesurge pressures from activating controls
which switch on pumps or activate other equipmertside the normal design cycle of operation.

6.6.6 Standby power

To ensure continuous service when the primary pdwaerbeen interrupted, a power supply shall
be provided from at least two independent sourcesstandby or an auxiliary source shall be
provided. If standby power is provided by onsitegm@tors or engines, the fuel storage and fuel
line must be designed to protect the water suppiyfcontamination. (See Secti@r).

Carbon monoxide detectors are recommended whemagereare housed within pump stations.
6.6.7 Water pre-lubrication

When automatic pre-lubrication of pump bearingsasessary and an auxiliary direct drive
power supply is provided, the pre-lubrication Istell be provided with a valved bypass around
the automatic control so that the bearings camgdékessary, be lubricated manually before the
pump is started or the pre-lubrication controldldimawired to the auxiliary power supply.

FINISHED WATER STORAGE

- 7.0 GENERAL

« 7.1 TREATMENT PLANT STORAGE

« 7.2HYDROPNEUMATIC TANK SYSTEMS
- 7.3 DISTRIBUTION SYSTEM STORAGE

7.0 GENERAL

The materials and designs used for finished wateage structures shall provide stability and
durability as well as protect the quality of thersd water. Steel structures shall follow the
current AWWA standards concerning steel tanks,dgiges, reservoirs, and elevated tanks
wherever they are applicable. Other materials oktraction are acceptable when properly
designed to meet the requirements of Part 7.

7.0.1 Sizing



Storage facilities should have sufficient capaaitydetermined from engineering studies, to
meet domestic demands, and where fire protectiproided, fire flow demands.

a. Fire flow requirements established by the apaitgpstate Insurance Services Office should
be satisfied where fire protection is provided.

b. The minimum storage capacity (or equivalent cayppgfor systems not providing fire
protection shall be equal to the average daily eomion. This requirement may be reduced
when the source and treatment facilities have @efit capacity with standby power to
supplement peak demands of the system.

c. Excessive storage capacity should be avoidedetcent potential water quality deterioration
problems.

7.0.2 Location of reservoirs

a. Consideration should be given to maintainingewquality when locating water storage
facilities.

b. The bottom of ground level reservoirs and stgmepshould be placed at the normal ground
surface and shall be above the 100 Year Floodeohifhest flood of record.

c. If the bottom elevation of a storage reservaistrbe below normal ground surface, it shall be
placed above the groundwater table. At least 5@@et of the water depth should be above
grade. Sewers, drains, standing water, and sisuolarces of possible contamination must be
kept at least 50 feet from the reservoir. Gravétyers constructed of water main quality pipe,
pressure tested in place without leakage, may ée asdistances greater than 20 feet but less
than 50 feet.

d. The top of a partially buried storage structhall not be less than two feet above normal
ground surface. Clearwells constructed under §ilteay be excepted from this requirement
when the design provides adequate protection framaenination.

7.0.3 Protection from contamination

All finished water storage structures shall havieable watertight roofs which exclude birds,
animals, insects, and excessive dust. The ingtailaf appurtenances, such as antenna, shall be
done in a manner that ensures no damage to thedaakngs or water quality, or corrects any
damage that occurred.

7.0.4 Protection from trespassers

Fencing, locks on access manholes, and other reegge®cautions shall be provided to prevent
trespassing, vandalism, and sabotage.

7.0.5 Drains



No drain on a water storage structure may haveegtdionnection to a sewer or storm drain.
The design shall allow draining the storage faciiitr cleaning or maintenance without causing
loss of pressure in the distribution system.

7.0.6 Stored Water Turnover

The system should be designed to facilitate turnof/gvater in the reservoir. Consideration
should be given to separate inlet and outlet pipa#le walls or other acceptable means to avoid
stagnation.

7.0.7 Overflow

All water storage structures shall be provided vathoverflow which is brought down to an
elevation between 12 and 24 inches above the grsuifidce, and discharges over a drainage
inlet structure or a splash plate. No overflow rbayconnected directly to a sewer or a storm
drain. All overflow pipes shall be located so thay discharge is visible.

a. When an internal overflow pipe is used on elsdaanks, it should be located in the access
tube. For vertical drops on other types of stofagéities, the overflow pipe should be located
on the outside of the structure.

b. The overflow for a ground-level storage resarsball open downward and be screened with
twenty-four mesh non-corrodible screen. The sceteatl be installed within the overflow pipe at
a location least susceptible to damage by vandalisaflapper valve is used, a screen shall be
provided inside the valve.

c. The overflow for an elevated tank shall open B@ard and be screened with a four mesh,
non-corrodible screen. The screen shall be instaliéhin the overflow pipe at a location least
susceptible to damage by vandalism. If a flappérevis used, a screen shall be provided inside
the valve.

d. The overflow pipe shall be of sufficient dianrete permit waste of water in excess of the
filling rate.

7.0.8 Access

Finished water storage structures shall be desigitbdeasonably convenient access to the
interior for cleaning and maintenance. At least {@pomanholes shall be provided above the
waterline at each water compartment where spacsifger

7.0.8.1 Elevated Storage Structures

a. At least one of the access manholes shall beefitaat least four inches above the surface of
the roof at the opening. They shall be fitted vatholid water tight cover which overlaps the
framed opening and extends down around the frar@asit two inches, shall be hinged on one
side, and shall have a locking device.



b. All other manholes or access ways shall be Ba@tel gasketed according to the requirements
of the reviewing authority, or shall meet the requmients of (a).

7.0.8.2 Ground Level Structures

a. Each manhole shall be elevated at least 24 sraheve the top of the tank or covering sod,
whichever is higher.

b. Each manhole shall be fitted with a solid waigint cover which overlaps a framed opening
and extends down around the frame at least twaesichhe frame shall be at least four inches
high. Each cover shall be hinged on one side, halll save a locking device.

7.0.9 Vents

Finished water storage structures shall be verfitee .overflow pipe shall not be considered a
vent. Open construction between the sidewall anélisonot permissible. Vents

a. shall prevent the entrance of surface waterainevater,
b. shall exclude birds and animals,

c. should exclude insects and dust, as much afutiision can be made compatible with
effective venting,

d. shall, on ground-level structures, open downwetl the opening at least 24 inches above the
roof or sod and covered with twenty-four mesh norradible screen. The screen shall be
installed within the pipe at a location least spsitde to vandalism.

e. shall, on elevated tanks and standpipes, openwlard, and be fitted with either four mesh
non-corrodible screen, or with finer mesh non-cdilste screen in combination with an
automatically resetting pressure-vacuum relief rma@m, as required by the reviewing
authority.

7.0.10 Roof and sidewall

The roof and sidewalls of all water storage striegumust be watertight with no openings except
properly constructed vents, manholes, overflovegrs, drains, pump mountings, control ports,
or piping for inflow and outflow. Particular attéon shall be given to the sealing of roof
structures which are not integral to the tank body.

a. Any pipes running through the roof or sidewélhanetal storage structure must be welded, or
properly gasketed. In concrete tanks, these pipgéIse connected to standard wall castings
which were poured in place during the forming @& toncrete. These wall castings should have
seepage rings imbedded in the concrete.



b. Openings in the roof of a storage structuregie=si to accommodate control apparatus or
pump columns, shall be curbed and sleeved withguragditional shielding to prevent
contamination from surface or floor drainage.

c. Valves and controls should be located outsidestbrage structure so that the valve stems and
similar projections will not pass through the rootop of the reservoir.

d. The roof of the storage structure shall be wedined. Downspout pipes shall not enter or pass
through the reservoir. Parapets, or similar corsibn which would tend to hold water and snow
on the roof, will not be approved unless adequatekproofing and drainage are provided.

e. The roof of concrete reservoirs with eartherecahall be sloped to facilitate drainage.
Consideration should be given to installation ofrapermeable membrane roof covering.

f. Reservoirs with pre-cast concrete roof strucureist be made watertight with the use of a
waterproof membrane or similar product.

7.0.11 Construction Materials

The material used in construction of reservoirdldfeaacceptable to the reviewing authority.
Porous material, including wood and concrete black,not suitable for potable water contact
applications.

7.0.12 Safety

Safety must be considered in the design of thagtostructure. The design shall conform to
pertinent laws and regulations of the area whezentiiter storage structure is constructed.

a. Ladders, ladder guards, balcony railings, afelysbocated entrance hatches shall be provided
where applicable.

b. Elevated tanks with riser pipes over eight irscimediameter shall have protective bars over
the riser openings inside the tank.

c. Railings or handholds shall be provided on gkv#&anks where persons must transfer from
the access tube to the water compartment.

d. Confined space entry requirements shall be densil.

7.0.13 Freezing

Finished water storage structures and their appamniges, especially the riser pipes, overflows,
and vents, shall be designed to prevent freezinghwihill interfere with proper functioning.

Equipment used for freeze protection that will cdnte contact with the potable water shall
meet ANSI/NSF Standard 61 or be approved by thieweng authority. If a water circulation



system is used, it is recommended that the ciromatipe be located separately from the riser
pipe.

7.0.14 Internal catwalk

Every catwalk over finished water in a storagedtrte shall have a solid floor with sealed
raised edges, designed to prevent contamination $fwoe scrapings and dirt.

7.0.15 Silt stop

The discharge pipes from water storage structurak Ise located in a manner that will prevent
the flow of sediment into the distribution systdRemovable silt stops should be provided.

7.0.16 Grading

The area surrounding a ground-level structure sfgatiraded in a manner that will prevent
surface water from standing within 50 feet of it.

7.0.17 Painting and/or cathodic protection

Proper protection shall be given to metal surfdiyepaints or other protective coatings, by
cathodic protective devices, or by both.

a. Paint systems shall meet ANSI/NSF standard @8baracceptable to the reviewing authority.
Interior paint must be applied, cured, and used imanner consistent with the ANSI/NSF
approval. After curing, the coating shall not tf@ngny substance to the water which will be
toxic or cause taste or odor problems. Prior taiptain service, an analysis for volatile organic
compounds is advisable to establish that the apaiproperly cured. Consideration should be
given to 100 % solids coatings.

b. Wax coatings for the tank interior shall notused on new tanks. Recoating with a wax
system is strongly discouraged. Old wax coatingtrhascompletely removed before using
another tank coating.

c. Cathodic protection should be designed andlledthy competent technical personnel, and a
maintenance contract should be provided.

7.0.18 Disinfection
a. Finished water storage structures shall befdiied in accordance with AWWA Standard
C652. Two or more successive sets of samples, @ka#-hour intervals, shall indicate

microbiologically satisfactory water before theifiéagis placed into operation.

b. Disposal of heavily chlorinated water from thak disinfection process shall be in accordance
with the requirements of the state regulatory agenc



c. The disinfection procedure specified in AWWA 8tard C652 chlorination method 3, section
4.3 which allows use of the highly chlorinated wdteld in the storage tank for disinfection
purposes, is not recommended. The chlorinated wisdgrcontain various disinfection by-
products which should be kept out of the distriboitsystem.

If this procedure is used, it is recommended thatnitial heavily chlorinated water be properly
disposed.

7.0.19 Provisions for sampling

Smooth-nosed sampling tap(s) shall be provideddtitate collection of water samples for both
bacteriological and chemical analyses. The sanaples} shall be easily accessible.

7.1 TREATMENT PLANT STORAGE

The applicable design standards of Section 7.0 Badbllowed for plant storage.

7.1.1 Filter washwater tanks

Filter washwater tanks shall be sized, in conjumctvith available pump units and finished
water storage, to provide the backwash water redy Sectior.2.1.11 Consideration must
be given to the backwashing of several filtersajpid succession.

7.1.2 Clearwell

Clearwell storage should be sized, in conjunctidh @istribution system storage, to relieve the
filters from having to follow fluctuations in watesse.

a. When finished water storage is used to provisi@feéctant contact time(see Secti®B.2)
special attention must be given to tank size arfflifi (See Sectio7.1.2b below.)

b. To ensure adequate disinfectant contact timagbdf the clearwell should include extra
volume to accommodate depletion of storage duhegiighttime for intermittently operated
filtration plants with automatic high service pumgifrom the clearwell during non-treatment
hours.

c. An overflow and vent shall be provided.

d. A minimum of two clearwell compartments shallgrevided.

7.1.3 Adjacent storage

Finished or treated water must not be stored oveyed in a compartment adjacent to untreated

or partially treated water when the two compartraemé separated by a single wall, unless
approved by the reviewing authority.



7.1.4 Other treatment plant storage tanks
Unless otherwise allowed by the reviewing authoother treatment plant storage tanks/basins

such as detention basins, backwash reclaim tae&siving basins and pump wet-wells for
finished water shall be designed as finished wsttaage structures .

7.2 HYDROPNEUMATIC TANK SYSTEMS

Hydropneumatic (pressure) tanks, when provideth@®mly water storage are acceptable only in
very small water systems. Systems serving more 1B68rliving units should have ground or
elevated storage designed in accordance with $ectior 7.3 Hydropneumatic tank storage is
not to be permitted for fire protection purposegsBure tanks shall meet ASME code
requirements or an equivalent requirement of statklocal laws and regulations for the
construction and installation of unfired pressugssels.

7.2.1 Location

The tank shall be located above normal ground seréad be completely housed.

7.2.2 System sizing

a. The capacity of the wells and pumps in a hydeopmatic system should be at least ten times
the average daily consumption rate.

b. The gross volume of the hydropneumatic tankgaillons, should be at least ten times the
capacity of the largest pump, rated in gallonsmpiute. For example, a 250 gpm pump should
have a 2,500 gallon pressure tank, unless othesures(e.g., variable speed drives in
conjunction with the pump motors) are provided tetrthe maximum demand.

c. Sizing of hydropneumatic storage tanks mustidenshe need for disinfectant contact time.
7.2.3 Piping

The hydropneumatic tank(s) shall have bypass pi@mermit operation of the system while the
tank is being repaired or painted.

7.2.4 Appurtenances

Each tank shall have an access manhole, a dralrganirol equipment consisting of a pressure
gauge, water sight glass, automatic or manuallav-off, means for adding air, and pressure
operated start-stop controls for the pumps. Wheaetigal the access manhole should be 24
inches in diameter.

7.3 DISTRIBUTION SYSTEM STORAGE

The applicable design standards of Section 7.0 bBadbllowed for distribution system storage.



7.3.1 Pressures

The maximum variation between high and low levelstorage structures providing pressure to
a distribution system should not exceed 30 fee¢. Mimimum working pressure in the
distribution system should be 35 psi (240 kPa)thechormal working pressure should be
approximately 60 to 80 psi (410 - 550 kPa). Whaticspressures exceed 100 psi (690 kPa),
pressure reducing devices should be provided onsmaithe distribution system.

7.3.2 Drainage

Finished water storage structures which providegune directly to the distribution system shall
be designed so they can be isolated from the loligioin system and drained for cleaning or
maintenance without causing a loss of pressuredristribution system. The storage structure
drain shall discharge to the ground surface withlinect connection to a sewer or storm drain.

7.3.3 Level controls

Adequate controls shall be provided to maintairelewn distribution system storage structures.
Level indicating devices should be provided atratred location.

a. Pumps should be controlled from tank levels whthsignal transmitted by telemetering
equipment when any appreciable head loss occuhidistribution system between the source
and the storage structure.

b. Altitude valves or equivalent controls may beuieed for a second and subsequent structures
on the system.

c. Overflow and low-level warnings or alarms sholbddlocated where they will be under
responsible surveillance 24 hours a day.
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8.0 GENERAL

Water distribution systems shall be designed tontaai treated water quality. Special
consideration should be given to distribution msiring, providing for design of
multidirectional flow, adequate valving for distuifton system control, and provisions for
adequate flushing. Systems should be designedxomiz& turnover and to minimize residence
times.

8.1 MATERIALS

8.1.1 Standards and materials selection

a. All materials including pipe, fittings, valvesdafire hydrants shall conform to the latest
standards issued by the AWWA and ANSI/NSF, wheoh standards exist, and be acceptable
to the reviewing authority.

b. In the absence of such standards, materialsmgesgiplicable Product Standards and
acceptable to the reviewing authority may be setéct

c. Special attention shall be given to selectinge pnaterials which will protect against both
internal and external pipe corrosion.

d. Pipes and pipe fittings containing more thanl8&4l shall not be used. All products shall
comply with ANSI/NSF standards.

e. All materials used for the rehabilitation of emmhains shall meet ANSI/NSF standards.
8.1.2 Permeation by organic compounds

Where distribution systems are installed in arégga@undwater contaminated by organic
compounds,

a. pipe and joint materials which do not allow peation of the organic compounds shall be
used.

b. non-permeable materials shall be used for atlgs of the system including, pipe, joint
materials, hydrant leads, and service connections.

8.1.3 Used materials
Water mains which have been used previously foveging potable water may be reused

provided they meet the above standards and haverbstored practically to their original
condition.



8.1.4 Joints

Packing and jointing materials used in the joirftpipe shall meet the standards of AWWA and
the reviewing authority. Pipe having mechanicatigior slip-on joints with rubber gaskets is
preferred. Gaskets containing lead shall not bd.uRepairs to lead-joint pipe shall be made
using alternative methods. Manufacturer approvaasition joints shall be used between
dissimilar piping materials.

8.2 SYSTEM DESIGN
8.2.1 Pressure

All water mains, including those not designed tovte fire protection, shall be sized after a
hydraulic analysis based on flow demands and pressguirements. The system shall be
designed to maintain a minimum pressure of 201H) kPa) at ground level at all points in the
distribution system under all conditions of flonhé&'normal working pressure in the distribution
system should be approximately 60 to 80 psi (48B80-kPa) and not less than 35 psi (240 kPa).

8.2.2 Diameter

The minimum size of water main which provides foe protection and serving fire hydrants
shall be six-inch diameter. Larger size mains bélrequired if necessary to allow the
withdrawal of the required fire flow while maintamg the minimum residual pressure specified
in Section8.2.1

The minimum size of water main in the distributgystem where fire protection is not to be
provided should be a minimum of three (3) inch dééan Any departure from minimum
requirements shall be justified by hydraulic analysd future water use, and can be considered
only in special circumstances.

8.2.3 Fire protection

When fire protection is to be provided, system giesihould be such that fire flows and facilities
are in accordance with the requirements of theeSteiurance Services Office.

8.2.4 Dead ends

a. Dead ends shall be minimized by making apprtgtie-ins whenever practical, in order to
provide increased reliability of service and redbead loss.

b. Dead end mains shall be equipped with a meapotade adequate flushing. Flushing
devices should be sized to provide flows which giNle a velocity of at least 2.5 feet per second
in the water main being flushed. They may be predidith a fire hydrant if flow and pressure
are sufficient. No flushing device shall be dirgabnnected to any sewer.

8.3 VALVES



A sufficient number of valves shall be providedveater mains to minimize inconvenience and
sanitary hazards during repairs. Valves shouldbatéd at not more than 500 foot intervals in
commercial districts and at not more than one btoc&00 foot intervals in other districts.
Where systems serve widely scattered customergv/aacke future development is not expected,
the valve spacing should not exceed one mile.

8.4 HYDRANTS

8.4.1 Location and spacing

a. Fire hydrants should be provided at each sinessection and at intermediate points between
intersections as recommended by the State Insuf@erstces Office. Generally, fire hydrant
spacing ranges from 350 to 600 feet depending @artba being served.

b. Water mains not designed to carry fire-flowslishat have fire hydrants connected to them. It
is recommended that flushing hydrants be providethese systems. Flushing devices should be
sized to provide flows which will give a velocity at least 2.5 feet per second in the water main
being flushed. No flushing device shall be directyinected to any sewer.

8.4.2 Valves and nozzles

Fire hydrants should have a bottom valve size tdamt five inches, one 4-1/2 inch pumper
nozzle and two 2-1/2 inch nozzles.

8.4.3 Hydrant leads

The hydrant lead shall be a minimum of six inclrediameter. Auxiliary valves shall be
installed on all hydrant leads.

8.4.4 Hydrant drainage

a. Hydrant drains should be plugged. When the draiia plugged the barrels must be pumped
dry after use during freezing weather.

b. Where hydrant drains are not plugged, a graveket or dry well shall be provided unless the
natural soils will provide adequate drainage.

c. Hydrant drains shall not be connected to ortkgtavithin 10 feet of sanitary sewers, storm
sewers, or storm drains.

8.5 AIR RELIEF VALVES

8.5.1 Air relief valves



At high points in water mains where air can accwataiprovisions shall be made to remove the
air by means of air relief valves. Automatic airgevalves shall not be used in situations where
flooding of the manhole or chamber may occur.

8.5.2 Air relief valve piping

a. Use of manual air relief valves is recommendbkdrever possible.

b. The open end of an air relief pipe from a malyugderated valve should be extended to the
top of the pit and provided with a screened, dowdwacing elbow if drainage is provided for

the manhole.

c. The open end of an air relief pipe from automeadilves shall be extended to at least one foot
above grade and provided with a screened, downveaidg elbow.

d. Discharge piping from air relief valves shalt sonnect directly to any storm drain, storm
sewer, or sanitary sewetr.

8.6 VALVE, METER AND BLOW-OFF CHAMBERS

Wherever possible, chambers, pits or manholes itom¢gvalves, blow-offs, meters, or other
such appurtenances to a distribution system, sbalbe located in areas subject to flooding or in
areas of high groundwater. Such chambers or pisldidrain to the ground surface, or to
absorption pits underground. The chambers, pitsx@atholes shall not connect directly to any

storm drain or sanitary sewer. Blow-offs shall oohnect directly to any storm drain or sanitary
sewer.

8.7 INSTALLATION OF WATER MAINS
8.7.1 Standards

Specifications shall incorporate the provisionshaf AWWA standards and/or manufacturer's
recommended installation procedures.

8.7.2 Bedding

A continuous and uniform bedding shall be providgethe trench for all buried pipe. Backfill
material shall be tamped in layers around the pipeto a sufficient height above the pipe to
adequately support and protect the pipe. Stonexifouthe trench shall be removed for a depth
of at least six inches below the bottom of the pipe

8.7.3 Cover

Water mains shall be covered with sufficient eartlother insulation to prevent freezing.

8.7.4 Blocking



All tees, bends, plugs and hydrants shall be pexligith reaction blocking, tie rods or joints
designed to prevent movement.

8.7.5 Pressure and leakage testing

Installed pipe shall be pressure tested and lealestied in accordance with the appropriate
AWWA Standards.

8.7.6 Disinfection

New, cleaned and repaired water mains shall bafdiged in accordance with AWWA Standard
C651. The specifications shall include detaileccpdures for the adequate flushing,
disinfection, and microbiological testing of all t'amains. In an emergency or unusual
situation, the disinfection procedure shall be ubsed with the reviewing authority.

8.7.7 External corrosion

a. Provide for a system of records by which theireaand frequency of corrosion problems are
recorded. On a plat map of the distribution systgmow the location of each problem so that
follow-up investigations and improvements can beenahen a cluster of problems is identified.
b. If needed, perform a survey to determine theterce of facilities or installations that would
provide the potential for stray, direct electricremts. Also, determine whether problems are
caused by the use of water pipes as grounds falduotrical system.

c. In areas where aggressive soil conditions aspex, or in areas where there are known
aggressive soil conditions, analyses shall be pedd to determine the actual aggressiveness of
the soil.

d. If soils are found to be aggressive, take necgsaction to protect the water main, such as by
encasement of the water main in polyethylene, gromiof cathodic protection (in very severe
instances), or using corrosion resistant water naterials.

8.8 SEPARATION DISTANCES FROM CONTAMINATION SOURCES

8.8.1 General

The following factors should be considered in pdowy adequate separation :

a. materials and type of joints for water and sepvees,

b. soil conditions,

c. service and branch connections into the watén anad sewer line,

d. compensating variations in the horizontal andiced separations,



e. space for repair and alterations of water amgspipes,
f. off-setting of pipes around manholes.
8.8.2 Parallel installation

a. Water mains shall be laid at least 10 feet botally from any existing or proposed gravity
sewer, septic tank, or subsoil treatment systera.distance shall be measured edge to edge.

b. In cases where it is not practical to maintairfdoot separation, the reviewing authority may
allow deviation on a case-by-case basis, if suppdnly data from the design engineer.

8.8.3 Crossings

a. Water mains crossing sewers shall be laid teigeeca minimum vertical distance of 18 inches
between the outside of the water main and the @eitsl the sewer. This shall be the case where
the water main is either above or below the sewtr preference to the water main located
above the sewer.

b. At crossings, one full length of water pipe $ballocated so both joints will be as far from
the sewer as possible. Special structural suppothé water and sewer pipes may be required.

8.8.4 Exception

When it is impossible to obtain the minimum specifseparation distances, the reviewing
authority must specifically approve any varianairthe requirements of Sectio®8.2and
8.8.3 Where sewers are being installed and Se&iér?and8.8.3cannot be met, the following
methods of installation may be used:

a. Such deviation may allow installation of the evanain closer to a gravity sewer, provided
that the water main is laid in a separate trenabnoain undisturbed earth shelf located on one
side of the sewer at such an elevation that thifmoof the water main is at least 18 inches
above the top of the gravity sewer.

b. the sewer materials shall be water works gr&fepki (1.0 Mpa) pressure rated pipe meeting
AWWA standards or pipe approved by the reviewintparity and shall be pressure tested to
ensure water tightness.

8.8.5 Force mains

There shall be at least a 10 foot horizontal sejmardetween water mains and sanitary sewer
force mains. There shall be an 18 inch verticahsspon at crossings as required in Section
8.6.3

8.8.6 Sewer manholes



No water pipe shall pass through or come in comattt any part of a sewer manhole. Water
main should be located at least 10 feet from semaholes.

8.8.7 Separation of water mains from other sourcesf contamination

Design engineers should exercise caution whenitaratater mains at or near certain sites such
as sewage treatment plants or industrial complé3rsite waste disposal facility including
absorption field must be located and avoided. Tiggn@er must contact the reviewing authority
to establish specific design requirements for liocgtvater mains near any source of
contamination.

8.9 SURFACE WATER CROSSINGS

Surface water crossings, whether over or underrywatesent special problems. The reviewing
authority should be consulted before final plares@epared.

8.9.1 Above-water crossings

The pipe shall be adequately supported and anchpreidcted from damage and freezing, and
accessible for repair or replacement.

8.9.2 Underwater crossings

A minimum cover of two feet shall be provided ottee pipe. When crossing water courses
which are greater than 15 feet in width, the foilogvshall be provided:

a. the pipe shall be of special construction, hgiexible, restrained or welded watertight joints,

b. valves shall be provided at both ends of watessings so that the section can be isolated for
testing or repair; the valves shall be easily agibés, and not subject to flooding,

c. permanent taps or other provisions to allowrinse of a small meter to determine leakage
and obtain water samples shall be made on eacloftte valve closest to the supply source.

8.10 CROSS-CONNECTIONS AND INTERCONNECTIONS
8.10.1 Cross-connections

There shall be no connection between the distobutystem and any pipes, pumps, hydrants, or
tanks whereby unsafe water or other contaminatiatgrials may be discharged or drawn into

the system. Each water utility shall have a progcanforming to state requirements to detect
and eliminate cross connections.

8.10.2 Cooling water



Neither steam condensate, cooling water from engiciests, nor water used in conjunction with
heat exchange devices shall be returned to thélgotsater supply.

8.10.3 Interconnections

The approval of the reviewing authority shall béanded for interconnections between potable
water supplies. Consideration should be givenfter@inces in water quality.

8.11 WATER SERVICES AND PLUMBING

8.11.1 Plumbing

Water services and plumbing shall conform to redélacal and/or state plumbing codes, or to
the applicable National Plumbing Code. Soldersfandcontaining more than 0.2% lead and
pipe and pipe fittings containing more than 8% Ishall not be used.

8.11.2 Booster pumps

Individual booster pumps shall not be allowed foy andividual residential service from the
public water supply mains. Where permitted for otlgpes of services, booster pumps shall be
designed in accordance with Section 6.4.

8.12 SERVICE METERS

Each service connection should be individually meste

8.13 WATER LOADING STATIONS

Water loading stations present special problentedime fill line may be used for filling both
potable water vessels and other tanks or contaetdneadssels. To prevent contamination of both
the public supply and potable water vessels bellegl f the following principles shall be met in
the design of water loading stations:

a. there shall be no backflow to the public watgdy,

b. the piping arrangement shall prevent contamibairtg transferred from a hauling vessel to
others subsequently using the station,

c. hoses shall not be contaminated by contact tivéfground.



Acceptable Water Loading Station Devices

From water From water

Flexihle
supply supply hanging
loop
Steal plate large *
anough to prevent & 1och
niches

direct connectiong

Customer provided
Each haunler hose and hanging loop
provides own hose

to connsect
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9.0 GENERAL

All waste discharges shall be governed by regweadgency requirements. The requirements
outlined herein must, therefore, be considered muim requirements as state water pollution
control authorities may have more stringent requésts.

Provisions must be made for proper disposal of mta@@atment plant waste such as sanitary,
laboratory, clarification sludge, softening sludgen sludge, filter backwash water, and brines.
In locating waste disposal facilities, due consatien shall be given to preventing potential
contamination of the water supply.

Alternative methods of water treatment and chemisal should be considered as a means of
reducing waste volumes and the associated hanatdglisposal problems.



Appropriate backflow protection must be providedwaste discharge piping as needed to
protect the public water supply.

9.1 SANITARY WASTE

The sanitary waste from water treatment plants,pogistations, and other waterworks
installations must receive treatment. Waste froesétfacilities shall be discharged directly to a
sanitary sewer system, when available and feagibl®, an adequate on-site waste treatment
facility approved by the appropriate reviewing auity.

9.2 BRINE WASTE

Waste from ion exchange plants, demineralizati@amigl, or other plants which produce a brine,
may be disposed of by controlled discharge toeastrif adequate dilution is available. Surface
water quality requirements of the regulatory agenitlycontrol the rate of discharge. Except
when discharging to large waterways, a holding @ndufficient size should be provided to
allow the brine to be discharged over a twenty-toaur period. Where discharging to a sanitary
sewer, a holding tank may be required to prevembtrerloading of the sewer and/or
interference with the waste treatment processes effiect of brine discharge to sewage lagoons
may depend on the rate of evaporation from thedago

9.3 PRECIPITATIVE SOFTENING SLUDGE

Sludge from plants using precipitative softeninge&in quantity and in chemical characteristics
depending on the softening process and the chestheaacteristics of the water being softened.
Recent studies show that the quantity of sludgduymred is much larger than indicated by
stoichiometric calculations. Methods of treatmemd disposal are as follows:

a. Lagoons

1. Temporary storage lagoons which must be clepaaddically should be designed on the
basis of 0.7 acres per million gallons per dayl) mg/L of hardness removed based on a
usable lagoon depth of five feet. This should pitevabout 2 %2 years storage. At least two but
preferably more lagoons must be provided in ordejive flexibility in operation. An acceptable
means of final sludge disposal must be providedviBions must be made for convenient
cleaning.

2. Permanent lagoons should have a volume of st flear times that for temporary lagoons.

3. The design of both temporary lagoons and perntdagoons should provide for

a. location free from flooding,

b. when necessary, dikes, deflecting gutters agratieans of diverting surface water so that it
does not flow into the lagoons,



c. a minimum usable depth of five feet,

d. adequate freeboard of at least two feet,

e. adjustable decanting device,

f. effluent sampling point,

g. adequate safety provisions,

h. parallel operation, and

i. subsurface infiltration may be acceptable iframed by the reviewing authority.

b. The application of liquid lime or dewatered gjado farm land should be considered as a
method of ultimate disposal. Prior to land applmata chemical analysis of the sludge
including calcium and heavy metals shall be coretlicApproval from the appropriate
reviewing authority shall be obtained. When thighod is selected, the following provisions

shall be made:

1. Transport of sludge by vehicle or pipeline siradbrporate a plan or design which prevents
spillage or leakage during transport.

2. Interim storage areas at the application siédl &l kept to a minimum and facilities shall be
provided to prevent washoff of sludge or flooding.

3. Sludge shall not be applied at times when wdsifafludge from the land could be expected.

4. Sludge shall not be applied to sloping land wheashoff could be expected unless provisions
are made, for suitable land, to immediately incoapothe sludge into the soil.

5. Trace metals loading shall be limited to presghificant increases in trace metals in the
food chain, phytotoxicity or water pollution.

6. Each area of land to receive lime sludge steattdnsidered individually and a determination
made as to the amount of sludge needed to raispt$oo the optimum for the crop to be grown.

c. Discharge of lime sludge to sanitary sewers khbe avoided since it may cause both liquid
volume and sludge volume problems at the sewaganent plant. This method should be used
only when the sewerage system has the capabilagéguately handle the lime sludge.

d. Mixing of lime sludge with activated sludge weastay be considered as a means of co-
disposal.

e. Disposal at a landfill can be done as eithealid sr liquid if the landfill can accept such
waste, depending on individual state requirements.



f. Mechanical dewatering of sludge may be consuldpdot studies on a particular plant waste
are required. Mechanical dewatering shall be pred¢dy sludge concentration and chemical
pre- treatment.

g. Calcination of sludge may be considered. Piladies on a particular plant waste are required.
h. Lime sludge drying beds are not recommended.

9.4 ALUM SLUDGE

Lagooning may be used as a method of handling aludge. Lagoon size can be calculated
using total chemicals used plus a factor for tuthidMechanical concentration may be
considered. A pilot plant study is required befibre design of a mechanical dewatering
installation. Freezing changes the nature of allutige so that it can be used for fill. Acid
treatment of sludge for alum recovery may be aiptesalternative. Alum sludge can be
discharged to a sanitary sewer. However, initiatibthis practice will depend on obtaining
approval from the owner of the sewerage systemedisag from the regulatory agency before
final designs are made.

9.4.1 Lagoons

Lagoons should be designed to produce an effluigfactory to the regulatory agency and
should provide for:

a. location free from flooding,

b. where necessary, dikes, deflecting gutterstwgraneans of diverting surface water so that it
does not flow into the lagoon,

c. a minimum usable depth of five feet,

d. adequate freeboard of at least two feet,
e. adjustable decanting device,

f. effluent sampling point,

g. adequate safety provisions, and

h. a minimum of two cells, each with appropriateifoutlet structures to facilitate independent
filling/dewatering operations.

9.4.2 Mechanical dewatering

a. The successful use of mechanical dewateringndispen the characteristics of the alum sludge
produced, as determined by site specific studies.



b. Mechanical dewatering shall be preceded by guwdgcentration and chemical pre-treatment.
9.4.3 Land application

Alum sludge may be disposed of by land applicagibher alone, or in combination with other
wastes where an agronomic value has been determntedisposal has been approved by the
reviewing authority.

9.5 "RED WATER" WASTE

Waste filter wash water from iron and manganesevatplants can be disposed of as follows:
9.5.1 Sand filters

Sand filters should have the following features:

a. Total filter area shall be sufficient to adeg@lyatewater applied solids. Unless the filter is
small enough to be cleaned and returned to semvioee day, two or more cells are required.

b. The "red water" filter shall have sufficient egfty to contain, above the level of the sand, the
entire volume of wash water produced by washingfaihe production filters in the plant, unless
the production filters are washed on a rotatingedadle and the flow through the production
filters is regulated by true rate of flow contrefieThen sufficient volume shall be provided to
properly dispose of the wash water involved.

c. Sufficient filter surface area should be prodide that, during any one filtration cycle, no
more than two feet of backwash water will accunautater the sand surface.

d. The filter shall not be subject to flooding hwface runoff or flood waters. Finished grade
elevation shall be established to facilitate maiatece, cleaning and removal of surface sand as
required. Flash boards or other non-watertight@ks/shall not be used in the construction of
filter side walls.

e. The filter media should consist of a minimuntveélve inches of sand, three to four inches of
supporting small gravel or torpedo sand, and mihes of gravel in graded layers. All sand and
gravel should be washed to remove fines.

f. Filter sand should have an effective size oft0.8.5 mm and a uniformity coefficient not to
exceed 3.5. The use of larger sized sands shalsbiBed by the designing engineer to the
satisfaction of the reviewing authority.

g. The filter should be provided with an adequatéear-drainage collection system to permit
satisfactory discharge of filtrate.

h. Provision shall be made for the sampling offitter effluent.



i. Overflow devices from "red water" filters shalbt be permitted.

. Where freezing is a problem, provisions showddrmde for covering the filters during the
winter months.

k. "Red water" filters shall comply with the commwall provisions contained in Sectiofisl.3
and8.10.1 which pertain to the possibility of contaminatimgated water with an unsafe water.

The reviewing authority must be contacted for approf any arrangement where a separate
structure is not provided.

9.5.2 Lagoons
Lagoons shall have the following features:

a. be designed with a volume 10 times the totahtjtyeof wash water discharged during any 24-
hour period,

b. a minimum usable depth of three feet,

c. length four times width, and the width at Ie&see times the depth, as measured at the
operating water level,

d. outlet to be at the end opposite the inlet,

e. a weir overflow device at the outlet end withindength equal to or greater than depth,

f. velocity to be dissipated at the inlet end.

g. subsurface infiltration lagoons may be acceptdldpproved by the reviewing authority.
9.5.3 Discharge to community sanitary sewer

Red water can be discharged to a community sewmwveler, approval of this method will
depend on obtaining approval from the owner ofsiagerage system as well as from the
regulatory agency before final designs are madeolding tank is recommended to prevent
overloading the sewers. Design shall prevent atoasections and there shall be no common
walls between potable and non-potable water.

9.5.4 Recycling "red water" wastes

Recycling of supernatant or filtrate from "red wateaste treatment facilities to the head end of
an iron removal plant shall not be allowed excepaaproved by the reviewing authority.

9.6 WASTE FILTER WASH WATER



Waste filter wash water from surface water treatnoedime softening plants should have
suspended solids reduced to a level acceptablteteegulatory agency before being discharged.
Many plants have constructed holding tanks andmetithis water to the inlet end of the plant.
The holding tank shall be of such a size that it @antain the anticipated volume of waste wash
water produced by the plant when operating at desagacity. A plant that has two filters

should have a holding tank that will contain thekevaste wash water from both filters
calculated by using a 15 minute wash at 20 galp@nsninute per square foot. In plants with
more filters, the size of the holding tank will @eyl on the anticipated hours of operation. It is
recommended that waste filter wash water be retbabha rate of less than 10 percent of the
instantaneous raw water flow rate entering thetpktter backwash water should not be
recycled when the raw water contains excessiveealghen finished water taste and odor
problems are encountered, or when disinfectiondmjget levels in the distribution system may
exceed allowable levels. Particular attention nnasgiiven to the presence of protozoans such as
Giardia andCryptosporidium concentrating in the waste water stream. Watétiesi may need

to treat filter waste water prior to recycling eoa reclaiming filter wash water given the
increased risk to treated water quality.

9.7 RADIOACTIVE MATERIALS

Radioactive materials include, but are not limitedgranulated activated carbon (GAC) used for
radon removal; ion-exchange regeneration waste feahium removal; and manganese
greensand backwash solids from manganese rematahsy, precipitative softening sludges,
and reverse osmosis concentrates where radiolagpostituents are present. The buildup of
radioactive decay products of radon shall be cameiti and adequate shielding and safeguards
shall be provided for operators and visitors. Thasgerials may require disposal as radioactive
waste in accordance with Nuclear Regulatory Comionissegulations. Approval shall be
obtained from the responsible regulatory agenaies o disposal of all wastes.



